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Abstract 



PROBLEM TO BE SOLVED: To realize a light emitting element having an excellent light emitting 
efficiency in a short wavelength region of 380 nm. 

SOLUTION: The nitride semiconductor element comprises an active layer 12 between a first conductivity 
type layer and a second conductivity type layer. The layer 12 has a quantum well structure having at 
least a well layer 1 made of a nitride semiconductor containing In and Al, and a barrier layer 2 made of a 
nitride semiconductor containing Al, thereby obtaining the laser element having excellent light emitting 
efficiency in the short wavelength region. It is particularly preferred when the well layer 1 is made of Alx 
Iny Ga1-x-y N (0 
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[0 0 5 2] ( 1 9) ±E«fi£«C*5l»T. $t#-f KSt 
KJl<t£#gibTl£tt£SCH*giiT-;fcc>T. ^ 

piOO. 0 5 e V^c^^cD^SfSb^. 

[0 0 5 3] (2 0) *fc±E«fi£lC*$^T. H 
@«A 1 a G a ,_,NJHaT»fltLTt>AV»««. A 1 
a G a j_ a N/A 1 b G a !_ b N (a=^b) St&f 
S^e>fgfi£-r-5©^»* b^. 

[0 0 5 4] (2 1) «fc±E*WEfc*I^T. >7yH 
IttA ! c Ga ,.,-N WMLTfeS^*. Al 
C G a i_ c N/A 1 d G a !_ d N (c*d) ffl»f 




( 7 ) 



[0 0 5 5] (2 2) ±R«£ICi5HT\ lf#FI^) 

t5GRINiiT*5i*H 8ttJBO±TJ>K/> 

BSCHiflfJfJU GRlN-SCH*J6tT*Cttf 
T#3„ 

[0 0 5 6] ±«Ufcft*fi!ctt, »»TXttMlia** 

[0 0 5 7] C^Lfcffi^OSffi^OlOtLT, G 
aN»fi±l:»«SnftA 1 x Ga ^.NifJfFI 

(fflU x^O) SfittHttS3 7 5 nmKTT»JI 
pJtlttC A 1 GaN«»^ft 

U - if i?t^ t> ffl ^ -5 c £ *«T £ £ SHMHifi £ » £ 
T&3„ 

[0 0 5 8] GaNI«tt-J8i:» it7 r -f 7S«X>4 

^>$t5Ct^5. $$lc, G a Ngfi^HiX 
B^10Vcm2aT. S6l:i 0 4/cm2£lT*« 

[0 0 5 9] G a NSfit^E LO (epitaxici 

al lateral overgrowth) ft Tit 7 r *f 7 SS^^SIS 

tlfcGaNM (#JAtf* G a NB±K:«J5£Lfc«iS0> 
S i O z X h oMBi:BUt*G aN 

««t(Da*?ricftlC«fcO G aN***f6lJ5Eft*it-T*dc 
-T-6G aNJB*>«s>&*) . £ C9Sfitf>±lCH V P Effi 
T» X^MOC VDS^O^MtG a Ni^fSI 
U MSlftSttfeGaNW, CG>»*±K±EEL 
OSTGaN4»ffl«ft$tfcGaNS«, NH 3 SIS 
SffifttTG a NaSSS±lCG a N £S*SII£-t!*T^/£ 
LfcGaNlfiSOG a NtfMOCVDXttMB E}£T 

9Ma*«a-i4-*ci*«T**a«*»*T*. 

[0 0 6 0] GaNIS*, ±EELOftt«fflLT» 

fr lZ«J5JcSnT^«>^^»^L^. ttJftiXRS«S iO z 
7, h^-fr/ICTfr K:lllf«LT5E»U 1A&OXh?'f7 

[0 0 6 1 ] 

SB-fttt^W^tLTtt, GaN, A1N, fc L < tt 1 
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nN, Xtt£ft£<&»IIT** I I I-V*Sft«¥W 
{* (I n tt A 1 fl G a 1 . 0 _pN, 0^a, O^0> ^ 
a + T&9, ^fcCniCta^T. I I lifcTcSi 

sTB&Lfc, BJLTfeJ:". *fc, A 1 «r$trS&flStt 
¥W#ttfl>0T*0. I n £$traffc«M*»#tta> 
0T£><5. 

[0 0 6 2] *fc, aft**W#Ji^«^*nai3Ftt» 
tLTH Si, Ge, Sn, S, O, Ti, ZrW 
1 V#S, SKBVI IfcTCastfflt^^fc^T*, »* 
KttSi. Ge, Sn^ *6i:»t>»*L<liS i 

Be, Zn, Mn, Cr, Mg, Catt£*U*tf 

en, usKttMgtfH^sns. cn\z&v* #® 
[oo6 3] mmm&iA (s^#F*Sit) ] *fs 0 ^ 

W*fflHi:OlBJC8ttJB«:*'r*«ljaT*0- ETF. * 
[0 0 6 4] (SttJB) **flC*tf*8ttiil/T 
<hA 1 ^^SM^^^^^^i^tL'^ Al 
SttHfC*5^*«[fi^ 3 8 0 nrnfiTF^JfittSrW 
£>A> H*t7^X*M-^ififi3 8 0 nmJ^TT* 

^^ot^^o cot*, tz&mizm^ztizmtyQ* 

8ttJBrtK«tt*Ci:T. W-if*^ RJtaR^tt^O) 
S|-fb*¥*<*3R^lC*5t^T, J(fflaflS:WH*l*. 

-ytr^ctT, u-if*^ asjtw^^jKtH^Tas 
z<om, «t#f«jbt**»*ic. #rm&t 

Ltd lCt±4£ilT4:-r«Ci:T, WAtfU-if* 
3% fEftSHHcfc^TfcL •f'^ci** pi 

«t«K0»*b<, WC»*L<tt, #F»»cS2Xtt 

[0 0 6 5] WrM) *¥£W\Z&rtZ#Wm£LT 
L<, 1 ntA 1 Sttiaft«¥*»*^»5#PI6 
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T» JS&fift^n. SUA. SSS***)*}**^ U— tf 
r**ft«Jt*^«-*5^"Ctt- WE I n i A ] Sr^tfg 

flcftiiaadctLTIt I n 0 G a 1 _ Q N (0<a^ 
1) ti^SCiT. *»*a>6pJ«3tt**TOA#tt 

[0 0 6 6] #^bj<e> I n <h A 1 $r^trS{fc^¥a»#^ 
6tt*#pJBtt* WOI n G a N<D#Wmx\tmmU 

-T$^iSS3 6 5 nm#ifi> SL<ttfn<fcOS^8 
fi*»4fcOT*0, #»C&^3 8 0 nmHT<^)« • 

T**. cntt S£*0 1 nGaN^#Fit'H Ga 
NO;OH=Pt y7x.*)l#-<D&&3 6 5 nm#fit 
II «Atf3 7 0 nmtlt I n »«Jt*< 1 XGTFSS 
KfflfiET5&Sa<*0. £<£><*: I n»fiKltMS*8K: 

^ U— tfK^aiWShtfifc^ I nfflfiJcit^ 1 % 

W-?\*s I n t A 1 *$if£{b«¥«#a>£ft*#FJi 

3 8 0 nm^iKfi«»c4Dl>T, A 1 &J&it x T 

[0 0 6 7] d CT, WFBIIffll^nsintAlS 

LT^, A 1 x I n 
y G ai _ x _ y N (0<x^l, 0<y^l, x + y 
<1) taSft4lft«T*S. Cfttt. 
j5jcfitCffll^nTl>-6MOC VD^OftfflfilcfiffiTtt, 

T<&tK :ot», MLtct^CB, P. As. S 

jffSKBAl I n G a N<7> 4 7cfiS£"f * d d 

C^^TfS. ::T> Infflflctkytt, 0. 0 2W± 
t-r^Ci:T, _t jZE Lfccfc? IC 0 . 0 2 *SST* 

JgKy^O. 0 3 MlC^£>34^#f*]-bT 
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nft*Jtyo)±iBtbTtt. »i:B*ana^. 

0. lit^^^T, Inmt^CilCct^gStt 
©«<fc*»A, HK#8;L<tt. y^0. 05£f£- 

ityte* #£L<te0. 026110. lWT^Itfe 
0> iDffSKBO. 03«i0. 0 5KTO«lt? 
$>0. &tz* ±IB1 nA 1 G a N CO 4 TCig^lC^^T, 
iSffl^-Sd A 1 ffljsfcfcfcxtt, » 

[ 0 0 6 8] #5£BJOA l x * n y Ga i-x-y N 
(0<x^l, 0<ySL x + y<l) 

(a) , (b) iC^-Tcfc^tC, 0*^0. 103£ffllC*5 

(a) \z^-?£o\z. InfiStty^O. 0 2ftfi**6 
*«K:±#U 0. 0 5ftfij!>^ftfc^^TSft8S: 
^f. -^T, HMSCKJ lh tH m9 (b) IC^ 
^Tcfc^iC, 0. 0 2ttifij&*5fc:E£a>&TI*ftaS:* 
U 0. 0 3-0. 0 5C«iTaMS:tO, 0. 0 

19 (a) (b)tt-Al x In y Ga 1 _ x - y N 
(0<x^K 0<y^l. x + y<l) ^#F®<hA 
1 u I n v Ga !_ U _ V N (0<u^l, 0^v^ 

[0 0 6 9] *»WJC*^T* »*L< tt- Aliln 
£^tJg{b^¥^te<£#FJSTt>-3T* Sfi3 8 0 nm 

o> Aia^tbx^o. * 

fc. G a N^>>* t 7 ^X*J^-t**8ft 3 6 
5nm«T0««TH x £ 0 . 0 5 WJi^T^ CI £ 

[0 0 7 0] #FH<0BWRtf#F«<&»£LT 

*#tt3ilBJPtLTtt, lnmW13 0nmKT^ 
KltfeO, RH 1 nm*lT#Pld:lTM(:ii 

<te2 nm«±2 0 nm«T<B$gB£T* £ <hT, V 




( 9 ) 



3. 5nmSJUtfcT«C£T. ftttitKOls-Vm 

fcS -5. f-ti'SPiSTH SlP^Sn 

tt/f rt©#Fl&£bTte#lCl®££n-r. IKiTfe 
0. £©P#, #FB©8t#4«±Tfc*«£l;:te. fttt 

iiiKft^t. v f ©±#£ja< cttuzrzib. # 

Wmomm* 1 0 nm£rF©*SB<tbT. ftt4B©BI/P 
£<S<ffiJA* C £»B^#F#$itlC.fc^ 
Tte, ±K«eB©&/5K:*S#FB 
th 1 -^ISW-5-<i:-CS.O. »*b<te. £T 
©#FB£±E«Eilf*)<t-f -SCI fCfeS. S#F 

[0 0 7 1] *^B«C0#FeiC«. pi^ftSKtt 
n U^JSE®** h'-^ni^tfc, 7>K-7 r T*>.& 
^. #FBtC K— -f-TZTIfctotlsTte. W*b<ten 

Lfr LttOflZ, #FKJ I niA 1 ^tS^it 

t»eft. 

Stt©£#te#FB£-r -5 $UK JMfcWlc 

S«5 x l 0 i 6 / / cm 3^-Fi:*KWtc^*E^ ; &'&* 
^n#FitnctT*5. #FBIC. tsjx.tf 

xiOis/cmSHT 5X101 s/cm^KiOK 
IfH-ysnt^Si:, SSg,fH4©li-[b£{6<iiP*.. ft 

ifcgg, V f tttTS-e-fcCi* 1 "?**. #^ 
iWnl^tlMibtH, ^gBWnM^fc&^zSS 

<. gftSt>©<*:bT 
(0 0 7 2) ^SKTPit^fcigffijS 
IhtKDLD. /WA7-LED. X— /t— 7 * h ;U S * 

lljtWKnM^ift^fc^bft^Cl.fcT. #Fit(0* 
SEtiS*!. ffiKng^tttttfttFBIwH-yTfct. # 
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^T-te, ^FBWn^^iaiSSS:, '>ft<<h*>ixi 
0 i s/cmS^TlC-r^c: #£b<te7> 
F - 7^ b < telUSt fc n S^tt**** b ft t» iSS £ 
n^iT. &ffi^T££b£SKiM<^f£ftg<b%¥ill 

;HH^j£^-5M(6]tC*2.fe«?). *?£b<ft< 1 X 1 0'« 
/cm), ffSKttlxiO' Vcm3«Tif5 

[0 0 7 3] (*«■) *3M>!fc:i5V»T. Mt«B©»tf 
tLTH A 1 Z-£tS&it®> 1 ¥-m#frZtl-Z&&B*:R 
^SCtTW. CCt, *?gfl>!©ftttBlc:fc^T. ft 
ttBfi©'>ft< <t*> 1 ^©PUBIB**. A 1 ^tsmt® 

-6©SB&ftttBrt»-KltT%>S^. KSBte. #FB 

j; o t>/s> f*y v :/x*^*— ©*eatSMMM*** 

ttS^SO. #FB©5B£&:6#3 8 0 nmttT 

[0 0 7 4] A 1 £-&t*g<b^¥3f#©RtM)l<>:bT. 
W^b<«A 1 u 1 n V G a !_ U _ V N (0<u^ 

i. o^v^i, u + v<i) -eg2ns^b»¥3H* 

SH^Cif**. ^tfWICte. A 1 2r-^*^bft¥ 
ig#©|8|gBte. ±E3aj£5£T^2*l-&A 1 InGaN 
<D47ciiS. AlGaN©3JcIfi*ffl'' > 5^i* , fS 
GlitB© A 1 MfiKtku A 1 t I n £-&tr 
g{b$l i i £ 2lH*:©#FB© A 1 *afiEttx<fc 0 . u 

>xiUT. #FB£»gBi©ffi»C-|-#;ftA>F** 

^ t bTawfc^ft^^-rsg^Ftsiga^EE;* 
ns. 

[0 0 7 5] KSBA^ 1 nmn«& (v> 

0). I nfflfifcttvtC^HTte. ffSKBO. lttT 

o. o s^TwieH^affl-raciiA^T-^a. cn«. 

[0 0 7 6] ±i$bfc<tc:(C. BSgff © I nM 

tttSffFBlctk^T. JE^m^tk^Jifflx?^. itCA 1 
a«itlCJ:D^>K4 ! *y^x*^=l £ -S*K*t*Ct 
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[0 0 7 7] s^#p«iicoattsic^^x, » 
[0 0 7 8] i^g^ic^, ±mLtznwmtmm 

\Z. vM^ftitVo* nS^WF-^nt^Tt), / 

X 1 0 i 6/cm3^±F-y$nTt^C<!:T$»5. 

flajAtfL EDT$)^)^^IC«. 5X10 
i 6/cm3W± 2X101 8/c m3J^T<Z)ieHTn 

D&tfii5tiJ^(DLDTte* 5 X 1 0 i 7 / c m 3 ^ ± l 
x 1 0 2 0/cm3j^Tc7)$SH, ff$L<ttU10 
i8/cm3^15x 1 0 i9/cm3£AT<0$SHTF 

[0 0 7 9] Sfc. WfiBlCnS^tt** F — ^T** 

JirtT* nlI«J£fidn^iii: H-^t4Citf 
MJIB n (n = 1. 2, 3 - • •) ICF-T^TSC^ 

£«^lCte, nil*68*Tn#SOl»MB n (n 
= 1. 2. 3 • • •) , m#@<0#FJIW m (m= 1 . 
2, 3 • • •) \Z F~-7TZ>Zt. TtLt>%* nill: 

[0 0 8 0] Sfc, ^aiOHM^JlC^-rci:f>(C> MgF 

«ttHrtT»t>pfflJifflii»cE«*nfcpfflji»SJi 

pffl«^BJi&*JB*»»**«£* »*U<tt, COpffl 
MT#, ft«:W»Ctt5 x 1 0 i 6/cm3*itft5«t 
[0 0 8 1 ] Hil^Hf ilt«> »»ClBfiSn&l^ 



5 0 n mWT t ITi^P^^^I"^ - 
*0, !f ^ I < H»FI «!: f^Hll; 1 n mW± 3 0 n mK 

ttli*ttfl)lftt»AT, lnmtt±i:T*:i:t» 

Hlr»*U<tt2 nm£l!2 0 nm£(T^T^ ZLt~C$> 
Y), ZtL\Z£0* 2 nma±T*»CiTJt*tt^-ft 
■«<K££n. <tDA»l*l»SJH«)««*««fo0, 2 0 

[0 0 8 2] *5fiW^«^#F«JBOiStt»l-*^T* 
»*Ut>*lfi»«libTtt, ±!247cigS^A 1 x I n 
y Ga!. x _ y N (0<x<l. 0<y<l. x + y 
< 1) ^b&S#pii:, 4 7cfifl<&A 1 u 1 n V G a 
!- u - v N (0<u<l. 0<v<l, u + v<l) 
:gL<tt37CjEll$>A 1 u Ga X _ U N (0<u<l) 

H 7 <7)^tt^ 1 2 t LT^Tct O \Z. 1 n A 1 
G a N<D#Wm 1 £ 1 >EU:% I n A 1 G a NSKtt 
A 1 G a NO@SI 2 1 H£A_hWT£> £ <hT& 0 * d 

i z^ts&itvo^mmz&o. *<da i lajsitsiMrr 

£C£-C, gl 1 0 Jr^-Tct^lCv 3 8 0 nmaT^$ 

n i j: o fc** ft/o H^t y yx*M - <Dm&m2 

InAlGaN«L<liAlGaNtn:tT, 

[0 0 8 3] HI 1 ^f>b^5J:^l:, i$fi3 7 0 nm 
M-kCDmmz&^T* #FJiO I nSSitx^A 1 &B* 
ttya±«C*#< LTt> (x£y) . HttttXCftftf* 

■r*t*>*A 1 gffilty^0<y^0. lo«H»c*^ 

tfftSft*. — 3SF"C, 0 1 o \z^-?£?\z. #rM<DA 
IJEilJty* I n«»ttx«±lc*#<T*£<J: (y^ 
x) tCctO, (^ISiSfi) £3 8 0 nmHTO 

isaJtxd<o<x^o. i <?>m.miz&^T. Aigstt 

y ^rx lCth^T^:#<'r^C<h (y^x) S&SCD 
»**<»6n*. cne>#FS»C^tt^A 1 SAJt& I 
nfiatt<Z)H«lC*^T, ±BH4 7cfiai nAlGaN 
<D#WMT\ GaOSAItz (z = l-x-y) tt. I 
nfiftfctx, A 1 SSlty J:0t>^#<-r^>-^, z> 
x, z>yTS>^>C^lCJ:0, ±IH<Offlr&)«:*"r#F 

1. fSttH^»e>ti*. »*b<«, o<x^o. i, 

0<y^0. U:i5^T, z>x, z>y t^^ct-s 
IC, 4 7Cfifi©] nAlGaNSffl^Ctt**, 
[0 0 8 4] [^JS^SIIB (U— tf*^. WttKW 
jg) ] *^fe5l^«IilBlt g{t^¥*H 
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SMB. ^2ltlitT, J**iitt*Jfi**r*U— 9 s 

i^-e&s. ei 2 (a) ic*-r«fcptc S 

«±c. as i ssuji 1 1 . sttfl i2, S2 mnmm 
i 3t**«Jisnfc*a&*u. a scat, siiti 

JB 1 1 AC* 1 ^Tt^-T HI 2 6. I2ifl@ 1 3« 

\Z%2to%13< FJS 2 9 . **4>&< ifc 

6*1. *2 <n%1i4 FJ§ 2 6 , 2 9 tT. JSttJS*** 

*atr«at*L. mi. 20*^ fi«©wos 

1 WmSB^TWf 7 y HB 2 5 . * 2 «tt£H#±» 
T85^5yH12 5. 3 0 <h-C&*&*n. mitm*^ 

[0 0 8 5] 1 BC4it»T. 02 

(a) ic^-r^^ic, ag&sstb-c. ffiftint. m 

lSgmUJI 1 1 rt^lO^ H12 9, S2ifi 
Srtrom2<75^^-r H§2 6 Rtt&nfcttjfifcW 
U !Rr»C±aiLfciSEfi3 8 0 nmttTOgttBSffl^fc 

[0 0 8 6] CCOig&Sett, £K»ttJB*»&©3fc*** 

mcDm^ft&tffc^^mt?*. %u<i fhi*. -<7>«t 
pic gttit^T**sn6«i. siiiii. m 
2mmmm(0'pts.< t^—^<^^z9tn< vmzi&fat 

act. ftefc**, JBl©3fc*K FJB«L<tt*2©« 
[0 0 8 7] *^BJWm 1 HI2 6, JR 2 Oft 

#-f HI 2 9 t L-Tli. A 1 fc^trgfk&^gtt^ffl^ 

£>n. 03 (b) ~06 W/S> F«j£4 1 tLT 

^•TJ:t)IC. £fcfi^#F*i6<0»ttJi2 7 rt© 

£fcfittJI2 7 ifttf-f FJ12 6. 2 9 iOlWi?: 
/Js3<LT, i§aB4Siat-r-5. ft#-f FJitt. 

0 6IC^-Tcke)IC, m&m&0brt> F*-V y^X^-JW 
^r-^/jx$ < Tt>&< . 03 (b) ~ 5 ICtf-T £-51::. 

1 n„A 1 e G a ,_«_ fl N (0£or. 0 < 0 . o + 

i) jjtfflt»%n4. 5f$u<«. inm^a 

MW^itS;,!:, f/ib^, I n SLEfctt* 5 0 ©S 
{bft^tt^-f SChT. I n £-£trc<hlcJ;3ft<7)K 

IC. »^t<liAl B Ga 1 _ e N (OiflSl) 
l>5CiT, J|^MSA^#fe*S$TWl®l£^«Efi«ElZig 



IttS^i^S. #lc±ieiKfi3 8 0 hmElT© 
ffli«t*©Jfc€:»*Stf*»::H:. SSKBAljGa 
!_ e N (0</3^1) *«l^e.n«. CtXte, GaN 
"CIS. ±IBSiSES^C07tS:ffiiRb. <hfco 

#IC. Jtli'i FiWA 1 *afi£tt/5IS, ft#-f F 

^X^^^-EplClt^T. 0. 0 5eV£t±^<ft 
-5«fc?IC (E e -E p ^0. 05eV) . Pgrsc.!: 

f m \z «t -a Jt ©a^TWipx 6 nfe^iSB a a»& 

0. MIC»SU<ISE B -E p ^0. ltTSCiT. 
Hlcgttfcj5i£SS#^»S£*l£. 

[0 0 8 8] CdT. 03 (a) . (b) «. *«9i<B 
^{k<fe¥^^^IC*i^T. ^ J pO*aiffiit4 0 <h. -t 
nicMJ^bfc/N-> F«jfi4 1 Sr^-r&OT&D. «B« 
514 0 1*. 1 ^112 i**r*il^#F«Hfi 

<ogtti2 7*. mimmmmi 1 t&2mnmmi 3 
£Tft*&t^j££*t- : fo©T£>£. 04~6ii. 03 
(b) tmmzro F«jS4 i £7R-rt><o-e&£. 

[0 0 8 9] $fc* 1 <oyt1i^ KI2 6, ^2®W 
FS2 9I4. £*ie>ri>-^b<ttpSj##, 
f£;*n-CHTfc&<. *JB«T»*StlTlr»Tt>At». 
JJi—mro^fc^jg**:^ 6 F^«r^fi£t-4^ 
£ICIJ. 0 3 (a) \ZttXo\Z. fSttB 2 7 £&tr?fl 

lCO^^-f FS2 6. m2CD3t^-f FJI2 9W^®«jg 
4 O^ISIt 6n. -t<0A> F«iS4 1 tt. SttS-tOfc 

ttWICli. ±IEA l 6 Ga,. s N (0^3^1) ^ffl 
MCtT^O. ±E«*«*»c4J^TttA 1 e G a 
!_ e N (0</3^1) S-ffl^. $eiC»*b<l*±)ili 
L1t£o\zm, 1 W^t^'f l=SS^2 0W HJBO^ 
^^•y-Zx^Jl^-Eg**. XTI*;^-E P IC 
tt^T. 0. 0 5eVKi^l>:i (E g -Ep^ 
0. 05eV. jffSL<«E g -Ep^0. 1) ttt* 

<t-5ic a i m^ttesieiii-ra. 

[0 0 9 0] SIOWHS. F^CDH 
p^LTIS. 4#lCf®^$nr. JMfrWlcte. lOnmCl 
±5MmKTW«BT$.0. »$l<tt2 0nm«±l 
tf m«T©®lTJ60. Sl:»^L<li5 0nma±3 
OOnmPiT^ISBttS. CtllUO, lOnmHl 
Ttf-T VmtLXmmL, 20nmtt±tt5CiTS8 

^-fr5ffl|S]IC$)-5fc«?>TS)4. 5;zmJWTT«^ 
-f FJitLT«ffiU. 1 <im£JlTT3it*tWaTaiBoa 
^^M^^-e-. 3 0 0 nmKTttSuiT^jS^S 
g I C ffll X 6 n -5 [« r^l I C $> -5 fc «i) T & Z> . 
[0 0 9 1 ] *^B^W^^-f FS£^!JK<7)g'ft;!#)¥iJ5 
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IKAljGa^jN (0£/3£l) SfflW^W 
JfSK, ±Eft**«C*t>TttA 1 fl Ga ,_ fl N 
(O<0^1) ^fflH^CiWSK. ^<Dmt®¥ 

&Jf£&* HB»C 1 iailffl^fc^IISit 

JB3©JBt*4©Bi:Om. )C*3^T. All 

[0092] w^tf. mimmmm, m&m* &2mn 
<i'jtciegLT. jBi©Jit*4©jitftStt»*»e.a^ 

-5. 

[0 0 9 3] Ji#WCtt. ?£ttJI<liJroSf§2e>Jf . Sg30 
H<7)A 1 ttftttfl 2. 0 2£. SMA^S^l© 
S, Jg4<DHcoA 1 *&fi£jt/3 1 , 0 4<fcO ! fe'h£<-t-2> 
It, 0 1>02. |34>fl3it5Ctt. gtKtttt 

^L-fc^tjitT'^S. CKDJc-ptC, 7t#-f FH££J1K 

ffl) A £ C <h *<T £ -5 A* ■=> T" * •£ . 

[0 0 9 4] ±f£. /31>/32. 0 4> 0 3 <!:(;*: 

MIC. |5 K32. 0 4<0 3 tit. SttJIlCjfi^tf 
-f KJ1 (S2CI, ^3©®) 0;0^f;^xW 

tt^&if fr<i, 0 1>0 2, 0 4 > 0 3 £ 

IC. ±fES?S 1 ~4©Jf ICPgbf . Sfttf-f Fif £3H« 
±TMLTfcK<. (S3©1) tJB2 0JB 

(14(01) £XSlCtt»«*Lfc. t/<C^iltOl 
<i:m2cDJI<h£ l*t£LT«tt©*t*8UiLT#-f HI 

[0 0 9 5] Sfc. FJBiTaw^K: 
tt. ±Bftf*xS. E fi -E^0. 05eV, *tt*T 



Z>. «*tf. Al fll Ga,.j,N <O<0 
*^/<t5KSdiO^lC0i. Alj 2 Ga,.j 2 N 

(0<fl2^1. 01*02) *^ncSKJPd 2 <OS2 
Oi, TSl ©fttf-T FE£ffil£-f-£>*§-&Kti:. Al© 
0 0 m = (d,xfil + d 2 xS2) / 

(d, + d 2 ) . -e*#£>n*>. 

[0 0 9 6] #«?H«»fc;tf-f KJiCiJ^T. 04 

lC*-T«t 5 fc. SttJB KificK \Z'&r> TA'> F*-V s» 7 
X.*)l>=¥— A«/h$<!CcS«t-5«C. ffifi£*i^^-a-feGR I 
NttiSt ITfciK A^fitllCli, A 1 jfiEfctb 0 

ta;t)'6Stt)icjfi^< cis-sTA i 

lt0A^£<fc5J:e>lC&^<«&£i*£;i<i:-e. GRI 

04 tc^T±5Kg^itticffl»££$#4£-a- 

£fc. jgte^#Jl®MSig©«fc-5l-. WAtf. .hiesfii© 
ft#-f FJI©Sfll©J§/S&2©Ji££2IC«JIL<*:*tS& 
^^^-r^^iitCii^Tfc. A 1 £Sffij£<8$4£-t£T. » 

<f«£^>«fc-5icL-T : bS<. ;coi&. ^S:<tfeV>fft 
2©Jf£af£#i&S-B-Tfc&^. Sfc. ytfi't F^©8M 

•5. 

[0 0 9 7] 5EIC FH iCfcl^T, 05 

Mt5Ci*ift5. ^WlCli. IS 1 <oyti3"i FS 
2 6IC*3^T. WEJBKOJBt. m2<D@i:€:32StC^ 
iLT, '>7i< t*>-^Sr2^W±. Sf*L<« ; &12: 

2i«±tr-5cit. tb< iim i ro@t^2 omtz 

tt. SlC0@/S2©i^. A 1 81 Ga i-eiN 

(0^131^1) /AI S2 Ga,. 62 N (0^02 
< 1 . 0 1*02) . ±KH»[*«C4J^Ttt A 1 e j 
Ga,.j,N (0</J 1 £ 1) /A 1 J2 Ga 
!_ e2 N (O<02^1. 01*02) 6«l>5:t 



( 13 ) 
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[0 0 9 8] Sfc, FBlCiS^T. 

$1(01, J(S 2 1 ©**-f FHKiiH 

T. P^IC F-yitfcfi< . Xtt^iroiti2©i 

I5SB 1 ©3t*-f HJBIC^^TSB 1 ffliiS2«It^ 

|g 1 O^ICO* K-^UfcJEW H-ytT4CiT. * 

jsfiiKj F-7C<k£ii£At4cD?g4b£ffli*-T. *tt»F— 7 
K«fc5«ttlbfc£»te*>»£& , 3» : £L.i>. cnii. W 

mmm 1 Oi/1 2 A 1 e , G a 

!_ ei N (0^/5 1^1) /A 1 e2 Ga 1-02N 
(0</3 2Sl. /3K02) OjBft?£JIKfll£ , ?& 
*JSl©Jifc#-f FJB»c*HT. A 1 8LE£fcfc£>/hc? lf*JS 2 
o^irTM^H-yux. HI 1 OH&TVh'-^ttS 
cit, a i *afi£ttro/J^if^2 ro^tt^ i ©s«fc 
Ate*<A<. ji(Dfc«e>co5i^sttwfiif»eic^tt«iF— 

[0 0 9 9] MIC. *&Wom.m FJfOT**£*&F-7' 
(C-^^T. 06 (a) -06 (d) tC. H-7 r S^'fb4 
2iUT^T«t^lC. SB 1 . 2 ©fttf-f K J! 2 6. 29 

K-^lS/h*<t4, SL<14. «ttBa>£iSif>M*S 
Ctt^TfiH*® (Cifi^lS**© F — yfi«r'J>S <T*t. 
3$i£SS. #lC7t^< FSl*llC45^T. 3t©»**sec* 

[0 10 0] dniCflOAT, ®jSSe«±^bfc«kolC. 
SB 1 ©7t^< FS 2 6 i^2 0?k^-f Fl 2 9 iTfitt 

12 7 zmtsmm ! e:'J>tt< tttbtiso, s^ic*-© 

<D/Jn£U±SB- TBB* 7*-F-J12 5. 3 0 <t:T-&fr}Sj£ 



[0 10 1] JUfcttKtt. 11©^ F@. SB 2 ©ft 
lCjfilf»««lC*Jlr*T 5X101 7/c m 3».T<!:-r-5^ 

■i vm^mimmm^mm^-^. mznytm fji 

[0 10 2] ft#-f F^F^-C F-yS^r^-fb^-B-^^Si 
iLTtS. gtWmtlsX. 06 (b) -06 (d) tc F 
-^1^4 2 8. 4 2 b, 4 2 c tUTTS-Tcfc-plC. 

FSrt»C*Jlf*T, «1*etjfi^< KftoTtefc* 
e>*MC. guttle F-7S£'h£<-T3fl2<iI (4 2 
a) . 7FS^T^Pg&51cF-^fi2:/i^<TS^S8 (4 
2 b) . F-^a*fl:tffl*»< U ft 

[0 10 3] fftKIJ. ft#< FBrtlC*3^T. Bit 
JUMP'S. ©E8S#, 5 0 nmKTO««*7> H-^t 

0 nmHTOg«S7> H-^frsctTAJffttJta 

0nmOT«gitt5^i:lt 5 0nm£A-h©&J? 
tl. 10 0nm^TfflIJSit5«ti:(t 10 On 

m^iomjp.t-rsciiitf^sT'fc^^. com. ± 
Tffll^^iT*0, dn«0 4ic^-r«fce>ic, /N*>F 

7«t -5 A* > F m iiT * -5 C t IC «fc 0 . ^F*6gB F — 7^$ n^t 

«l*«»03tt^f-f FJBtt. ±a?b^:«t^lCGR 
1N*>S*«»*U<. *&±B*JBil«J6^. A'>F=^ 

C^T. #ft2K FSF^|-*3^T. (fiS^lCTM^F- 
7 r br«t<Tfc. •T^t>*»7>F-7'T^^'f Fl€:EEfi 

ro^^lCti7>F-7 , TP£S$-t*-/t±IBm^l-*3^T 
[0 1 0 4] JMfcftlCte. pIWfttttffSKffl 




( 14 



HJE^J 1 "C^T<t o tc. 7> F-^TpfflJfttf'f K®S 

&< FJf lCtS:ttSC<!:;W?;£U<. H 

lC£f3;L<tePi^Oft;tf-f FJf ICtS:tt£;:<i:T-7tO»& 

[0105] ±fE7t#'f FJllCiJttSJiffiJS. ^ 

F-7e>^<ig. SglOftfl-fF 

[0106] vm) ±$£mmmmi a, 
miBiz&^x. f&imnmm, situ. S2stii 
ttfmmtsnrztem-?. mimmmm^r^^yy fb 

^iftlTfe^l' 1 . ^MlCtt, 02 (a) \Z7Ts 

-r^ic ss±tc sg i ujs^ii i i. eii® 1 2. 

m2igm^^ 1 3 t-hmmt<tltzffi& : $:Gls> 
tt. $l$tli 1 1 ftlzTWZv-y FB 2 5. ^2® 
SS!Ji 1 3(*!lC±gB^7-;/ FB3 0. IS: 
t.n. cn^±S5. TgBi7 7-;> FiI2 5. 3 0it. ft 

5, TSB^7 FJg 3 0 tT. nfc ill i£SS file. ± 

[0 10 7] ±05. TS5^7-y HI2 5, 3 0 ro&fiS; 
«. 13 3 (b) ~EI 6 (a) <£>/S> F8ijg 4 1 lC7p-f.fc 
■51;:. fiH4S«k 0 fcA> F^-V 7T'I^ll' : f-Wt< 

SMMS^Cfc^TJB 1 . 2®W FJ§ 2 6, 2 9 £W 
■T**#Ctt. *#-f FJIfcflMMS L 0** 
<-T-2>. Utttt. ±W- T»^5y HJi**rU7Ha 
*. ftH&*£LT«llBaii-*t>0>"Ca»K Jfctf-f FB 
**T*«&CttftBlfcaB£UT«1JBSli-*. 

FJHcffli»en*a<b**w#tLTtt, a i sttii 

l^ffi^**. In a Al b Ga 
i_ a _ b N (O^a, 0<b. a + b^l) TgSn 

a^0«75^l;t)¥^^?:ffl^ ; 2>-'tT. I n Sr^rtfUffc 

L -^T ^ {El*] -5. Z<Dtztt>. »$L<« 
Al b Ga,. b N (0<b^l) TgSn^tM* 
Sftiffll^Ci-i?. S»;t£^IBji«6, Htc#-f FB& 
Klttt^B'&Ctt. 'J Tffi^Wit^ 

[0 10 8] U— tf*^ JBffli«3t*^lc4i^T. WSt 
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^^Kuc«6^nr. 3t*«w«r 

5^H^^M*SW-51C«, Al b Ga,. b N (0< 
b^l) *<#*L<fllH&ft. HiOA 1 SflfiE 

MfcT-fc^CU »tl<llb-3^0. OSi/iSi 

^ FBlc«fc & ft tf> IB FBOffilJ? i:t>ft 

[0 1 0 9] *^BJWi77-^ f^«. ±f27 l e^-r F@t 

6<> Sfc^BKiHI&^flliBiUTfcAn. m-mTi7 
5y FB*#JST*»^£tt. ±SB2fl;®¥iJI#*>£ft 

s<T. ft. * t U 7Baft«fiORtt* , **f * 5 < * 

T. A 1 G a N^if^A 1 **tf 

[oiioi ^77Hi*^@ixi^s^ ,:( *' 

ttj£©»£*Ste1&¥*#*«*ttB'ra *>WT"<& 0 . 
JMfrWfCteA 1 fflfifclfccoS&Sgft^^Sr^&IBJi 

(oiii) m#:Mt:«. ^ilttx, Siroit, 

-J-ni:Sft:4aSOg2 W^tSrffi^U. JB»T*. 

tf. A 1 ^.fi£ttb 1 <£>f& l©Ii. AlfflfiEttb2 (b 

i*b2) ow,2<Dmt^mm\,tim^<o^mmx-^& 

<. :©RAllSMbl<b2 (O^bl. b2^ 
1) iLfcMitSi. A 1 mB£itO^€^^ 1 OS 
■CJBJff*. A'>F^ J f^7 r x^;V=P-€r^:#< b. Al 
ffifi£tkO/h^l'^2C0ST. ^ 1 <OS*^fi5c-r-5C<i:(C 

S. ^2 0i*Sll. S2©Ii:as£CS!'<£5i3« 

ILTfcAl>. Sl»l. ^2 CDS«:^S(Ctt& 

SiebfcffijiT$.oTt)fi<. 'XKtfcSlWS. ^ 

o„ C<7?«fcO^C. ^JfSSffiiiTti. A 1 S^OSIta* 
**0>IS«tt*fl;£HI>*.T. R*S**<t*Ct^T 

[0 112] HJIlC*J«f»T. 
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5* F»ft«£T*C£rt*T*#SL^. 

fSllttA<£7y FB*»J5fcT**. *« 

»**«a*««"ra#B*>iitBfcL 

o:t*t*. Il:5fSU<li5nmtJlTtt5C(t 
T» J: 0 Aff ft*Ittit * J: t #T *6. 
[0 113] >5y FBKtt. 4>te< i*>*»BS!<0* 

^fc, £BR0«£K*>##< FB£|t3«£. fllAtfffi 

feJEWH-ytlTfcA^. WAH filfEBKBB/B 
2<Z>B#* Al bl Ga!_ bl N (O^blSl) / 
A] b2 Ga 1 _ b2 N (0<b2^bl> bl<b 
2) OjB»^*»K«iS"e***'&»-* AiaatkW 
£1>B2<&«IC^«4*F — :/LT, »10it7>H- 
y<hnctt> **f-f FB£m«fclilltt*fi<T* 

[0114] Kjiom»fcUTtt#JcB3e*nac 

\i*tfi. 1 0 nmJ^±2 /xmOT> 5 0nmWll/imK 
T. »fttt<OSfb*«iA, HlC 5 0 nmJW±£T£ - £ 

[0 115] ±WU?9y FB. TSB^^y KB 

K." BttBO±Kp«*9y FB**-r*«*Ttt- * 
OpiJJy FBK 1 n**trBflS**Wi**ffl^* 

shifts. C(7)<h€. Hii:ffl^*«ft»* 
i#tLT*#Wi:H Al b Ga,.„N (0<b<l) 

[0 116] (^r'JTS^^Kpflli^S^^i 
» *&W\Z&^T. 1*13 (b) , B4©/OF«ifi4 



1 \Z^-T£o\Z. fSttB2 7^gB, *L<ttBttBifitt 
K**U7B&»B2 8*rKttT*>AH. miZ^^o 

\z, u— ^m^%m^(D^o\z. 7t#<FB2 

6. 29, d75yFB25. 3 0 *«T*«««>«*fc 
tt. 2 2 9 ^1412 7tOPa, Xtt* 

L<tt#p)lftl:Bi;a*5t>^ tf*^ ^5 tB 
«8tt«K«l**iJ:oT, +t'J7^ffitti^t-A 
U 7^SJ¥Mi:aASn5«ifii:T**. 

[0117] 04 ic^-r-t? ^22§a 

S!Bfl«lcEfiSnfc**'J7Ba»«2 8 bK<fcD. B 

i3»«ffls^6o*^u7*Bji*, Wtimmmmmtn 

*U74Bii»*. uO+t , J7tBa*BH» 

ti, m l^m^B^nsi, *2»*ai«:paii/fc* 

m^jf £IB 'J 7K&*6B 2 8 « p SUBBICR 

*. pmmm\z***)'7zm&#>®z* pffltfB 

«**££TnSB«ICfcigfl§T***>0^»*. «r 
II, pfflJB^Bi&AHSr^fc^ tfeSMCi^ffS L 

[0 118] C<7)p{iJS^ffli*#B<hLTte, A 1 
ttfi{t*¥»#*ffl^^t>^>^»0, JMtWKttA 1 c 
G ai . c N (0<c<l) £J8^2>. AlSfl. 
attctLTIl +^U7Bii»H4:LT««"r*±5 
II, BttBiD+^^ett^VF^^y^x*^- 
(^-7-fe^ h£££) i&Bs^ftD. <J>tt<£t> 
0. l^c<lOKffl(hT§Ci:T^0, ff^Ktt 
0. 2^s<0. 5 <Dmmt-?Z>C£T?$>Z>o feiffr 

c#0. HaTT^^iU-^f^^^T, t» 
&«^B&tfB£LT«Bl*r. 0. 2JW_kT&3<>: + 
#lcm^Hi*£> U70B&*) ^ftSft. ^ir'J 

JC»*L<ttc*0. 3 5HTttSutTfiff&»fl 

U 7£H&#B£T£C£t!>W £L< > _Lf2# yy FB 
6fT51Si:lt ^77 FfliKliBi;**n«tDt) 
^^^Oh^Y^X^j^-W + t U 7£g/?iitf>Ji 
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i-r*d&Tft*. Cfttt**U7©B&»Ktt3M>B 

[0 1 19] C<7)pffliJtt^Kji»Htt. *&W<D£it%0 
tpmft&ttR^&ZttfiUS* »i:i/-1f*f©«t3 

a^ictt^T, ^fcWfc+irl^OB&a&t^JflfitU 

[0 12 0] U7B&*JB<0lRJ»iUT 
tt, <J>7S< t fe 1 0 0 nmJKTtt^-^T^O, iff* 
L<tt40nmHTtt«Ct1?*5. Al* 

$traftft*w*>4* fflco^{k^¥S^ (a l 

to letter, yt;u^tt«[^**<* HicpffiMmBii 

1 0 0 n m*B*T*f rtCRtfftt, 

tfeSfcft-CftO, 4 0 nmETFT*5£ V f £>±#£ 
tt<»jL*Ct*<RllBT, Ii:»*L<tt20nmHT 

pflH«^BBii«e>H<7)IKWOTISi:LTtt, 

[0 12 1] ***<oaft;4**W#* : P»c45^ 
*fc»4, Sttlt??7Hliollllf:±aSLfcJ:3i:* 
tf, **U7*Bi&»H*. FBiittMfcBtt* 

IW5-; FJf£ copals »*U<ttSttH35«^*^ 

Z> e BftBtt«K:**U7*H&»B*EB-r*»£»:: 
tt, Bfc#SL<ttSttBK»UTEBT*;i£-C. 8 

■rt»KE«r*»*K:tt. mmmmi><\**<D-mt 

fill, Eit^CiT, fitt»W8BO#F)irt«i, 
»j 7W»i:aAsn*. 

[0 12 2] PIAtf. EUlCfc^T, **»J7€B&» 



128^, SttirtT*t>H!©IIMtLTB», ft 

SttBrtfflOfcBBtt. P*B 

[0 12 3] ^^Opffi'Jm^B&A/l »J7Bii 
AB) Ktt, 7>H-yt*oTfe, pSWFtt* (*W 

ftttH-^T*CtT*t 'J7©»»«*B$DV f £ 
[0 12 4] S&ICU— MIH 1 . /W/t7-LED/j:i # 

ftH-^ttLm '>4<tt)5Xl0i6/cm3 
Et±H — ^Tftilfe, »SL<tt 1 x 1 0 i s/cm 

S^TH lxi0i8/cm3H±, »*L<ttlx 
10iVcm3H±H-^t5ufr*^. pSI^fcE 
*SB©±Btt«^IH3eatlft^^ 1 x l 0 2 i/ cm 

3aT£f <6d£-e**. fib* paT«M**<4 

V f j&«±#T*C£K:fc:-&fc«>, Ctt^SMT 
»*L<tt, fcKtt**U7»»**«*b3*»BH 
c0p^^FS6^?eS<h-r^>^i:tffe^o 7>F — ^ 

[0 12 5] nffli:pi+t U70BBa»JBftK 

±Ep«'J« : FB 31::* f§14@ 

aii£A i »rttittiB<r*!&K3&«tt^- »<tw»wtt, 

SttirtT*fen«l:ElSfttn«ll»8lTt>^T, 

[0 12 6] Tfcto*. *lfi«»c*"rJ:5Jc, nffMK 

T% *Y'J7*Biift©«B«:»afc3l*ttlTCi:« t T 

2b, 2cH #FBIwj**nfc«itT**fc*. K» 
*;k#<T*i*r U 7Wci:<#Pii:ftA$n§ 
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[0 12 7] *8930g<b«¥3l#OU— tf*?, $® 

®8§<>:LT. UyfSfiWfcSi. 'J v ->*<Hffl»cJiiiJl£: 
tt*lft»K&»«-rs. COW. iiiiJf iLTte. 
T. JB2©«llil©«»tUTttS i0 2£WO*m. 
!f$L<BTL V. Zr. Nb. Hf. Ta<t:0ft5 

SIN. BN. S i C. A 1 N0|*|04>fc< <hfc — St' 
JB^-r-5Ci:*iM*L,<. WCtiZr. H f Ogtfb 
BN. S i C*ffl^*C SIC. 

*ffll>SCt*«T*. A 1 GaN&fWA I SttT 
gfb^¥^#l::J:DH#T^M£f£tt*:D. llSitlfiihlt 

£*U I n£^tfg*bt)¥&#:CJ:9 7 , e©'K^$:M£13: 

y^^ftt'lCfcO 'J * y«R»tr»C. B. Alfc£0 

««*»8Sn & ISHS <h f 3 «ifi 5: <h S C t. fc T $ -5 . 

[0 12 8] 'J v5>«fcUTtt. UmW±3^ 

m«T. *?£L<tel. 5 AtmUA±2 ^mStTit^C 
tT. ^7 r i' Xi7->X^AW7tiSi:bT, @nfcX#>y 

[0 12 9] mmmm2) ^tc ^^omcommm 

$&2 (C^TIfcBJ-f C03HSSffi^2 ±a>Ufc 

[0 13 0] (SttJI) *^BfllC*5lt^»teS<hbT 
tt, »*l/<tt*^-#F«ifi* : ^f* ! b©r*0. Ga 
NgKtiA 1 £^tfg{t!»¥j§#a i ^te-5#F r Jl£W 
L. A 1 £-&trg<b4&J¥i£#SL-<te I n <h A 1 Sr^tf 

ttJUCfctt-Si&fia*. 3 7 5 nm«T0^7t€r*-r^^ 

««K»*u<ffl^e.n. jM*£wcteiitiis#FJioA*> 

«, — 7. nl^ftH-^, p^^M^H-7 

©nfftTt)J:i>*. * L<te/ > K-7SKB7 

JlfiKf£tf-5C£T. U— tfJTF. SHttJU^ttifoafl: 

tt. #Pl^7>H-7'i:L, BglSnlTOftH- 



tt. £Sft^#F«Si£. «-if#Piii»i^^f^ 
fin. ffSKIt *Sfi^#F*JSt-r*Jltr. ffl 

5. SttJi<DS^#F«ljgiU.Ttt, 83K#FJ§. 

#5.. £OP#. S^#F^^T*S^^IC. #FJf&£ 

tt£&0»£b<. JgC#SL<W:. »FISS2Xli 

3<hUfe^sm^#F«jit-rsci:-c. saiTjou— 

[0 13 1] (#FH) *RW\Z&nz>#W®£^T 
it. G aNSKttA 1 S*traftS*b i MM*fcfll<'»*£ 
£*W£L<. KGaN. A 1 fc-Stfgfb^SM**^ 
fc*#FJl£f§ttJf F*)K'>te< £fc 1 IWtiCit* 
0. #mg^#F«jitC*3^T«. ffSKH -r^x 
cD#FS*<±fBg{b4*¥^#^*£5#FJi£-r&C<i: 

-e. ssfcfi-fbsn. ^mti. mji&oRXB?. v—*$ 
coraris****^**. -^T^&otr-^Sr* 

-r-S^fifETtSi^l-fc^Tte. fnlfBG a NgL< teA 1 

■rsctT, s»fi^o^^tr-^€:#sc t*ire. 

fc^&SSftfeOSSTtsSi^. t>L<te. ^W^SS^TJH) 

sg a n s * ft* <t *a ^ « ^ >t* s i c t# ^> c t *» 

fjgT-*S. COB#, ^fe^^COIg^iTSli^^. #F 
^CD^W^Mritt l/TIJ, I n „G a ,_ a N (0< 
a^l) Sffll^Ctt. SI^^*^Bim7t^*-COA 

mzftft • ^tm.^mii-r^nwmiitj.i. ccow. i 

[0 13 2] 2^5£BJOA 1 Z'StSg.itM^m&fr *>fcZ> 
#Pl(l, ^5t50 I n G a NO#FJf TliEUfc&fi 

$,5ijtg3 6 5 nmf=t)fi. gt<li-tn<fcl3S^iSfi4 
#^>fcO-C*0. ^IC«iS3 7 5mWTO|S7t • %«*< 

-5. :ntt. 1 nGaNO#Pif(l G a NO 

y^^yj^^^yx^-;!/^— OSlS3 6 5 nmttifiTW:. 
«a|^.«3 7 0 nmT«. I n ftriEJt** 1 % WTSSt'P 

Ttt, •€-OfiESS:*'Jffll-r-5Ci: : bSitT^^. *56B^T 
tt. »Sb<ttGaNSl<«AI5^iM*i# 

*<SItT*-3fc 3 7 5 nmOiS&taiC&UT. A 1 SflfiS. 
tkx$7c€<TSCi:TA*> + ?7"l*A*-t* 

^r<L. Sifcfiou— tfju^icffli^ct^nl^T* 
4. 
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[0133] #Fltcffl^^nsA 1 

^m^m^MW^U^tLX^. Al x In y Ga 
!_ x _ y N (0<x£l. Ogy^l, x + y<l) 
TS$n-2>mP£T*0, »*LV»ai«4:UTtt. Al x 
Ga,. x N (0<x^l) T^O. iB#PWGa 

f£». Al x Ga,. x N <0£x£l> tS^nsl 

L«>r<&?>. ZOtztb, ±i£Lfc«fc'5lcB. P. A 
s. Sb^£fflt>T. 5 7cSStt±«5^7cYfcfc"Iffi'C* 
-5*<. ffSKHA 1 I r\G nW<D 4 TtU&t-t&Z.t 

3 6 I'. ±I2*afi)c^A 1 x I n y G a 
1 _ x _ y NW47ciSH.lCfeoTte. (fcftfirCA 1 <fc 1 
n i©E«fc J: 0 8«tt»fl:<OHHitt*«lSja*»*fc 
«>C SfiKliA 1 X G a ^.NitiCtTSb 

A 1 t*t»*<fc»**#T»4, A 1 jgilfct£:*t*<-r * 
Ct-e±IESSfi^ U£ 3 7 5 nm) IC*S<^T5Sft. 
jeS^tt&SS^tTr**. C^T. Alfifliitxtt. 
WcHME 3 nr. A 1 fflJ&JtSr^fcS-t+SCtlCckO. 

•5. 

[0 13 4] ^M^tC&tt^ST #F*8ig<£>«tt/I 
tt. ±IB2tc. 37C?gSWA 1 x G a j_ x N (O^x 
^ 1) A^^S#F^<t. 4?tilSroA 1 u I n V G a 
i_ u _ v N (0<u<l. 0<v<l. u + v<l) 
%L<\Z3 7tm£k<OA 1 U G a j_ u N (0<u<l) 

[0 13 5] AttftlCtt. El 2 (a) (b) *5<fcr/0 
14(a) ( b ) <D?Stt@ 1 2 <h L/T^T<t "P IC A 1 
GaN©#FH4 1@Wl. InAlGaNfKil 
AIGaN©fllI2SlIW±ft5^t'C*0, C 

iSit^ilgTSCl.hT. 012 (a) tc^T«fc-5IC 3 
7 5 nmaT©fi*«TO»3t*i?I«Jtt#Fiift 

^M-0^II2*. InAlGaNfKliAlG 
[0 13 6] (SttJiiBaJB) **M»»2«C*it» 

r. »ttJi*»tr»iiii«a!H. sg2 5S«i!!Jiro«@ffi 

[0 13 7] ft&m&ZtlT^Zl'— tfSt^flliSte, 0 
13 (a) (b) IC^<DA> K48i££. 0 16IC. 0 2 



(a) ©«JH#IJBIC*JW*A 1 m.gktte>mtzmL?£ 

■5IC, SttJIfcRtfTttf-r FH2 6, 2 9. HtC^OS 
tt<M£}*tfi?7-;/ HI2 5, 3 OWIIC/O + 

x*;i^-#*#<fr£*»jfi#&£nT€7t. Will 

i£S4 1 0 nm©A IGaN/lnGa N^gffcfJ^ 

Ifi&^Ttt, !116i:ii^T, )t^HI2 6, 
2 9<7>A 1 3afi£tt£0<Dg.6<!:U •tn«fc9 ! feM>F* 

AlGaNf^U-tfffTH 0 1 6 IC^Ti? 
IC, gttlro^i^-f K1 2 6, 3 9. 3ElC-t<0fl- 
0JJ<7>^7-V HlWHitC. A 1 Siff.lt£*#< b. *tl\Z 
«fcO013 (a) (b) \Z7jk-?&5\zmii.mfr*>to-MlZ 

glg^iiTtfe. A IGaN 

»<S3BsnT*50. ju*w»ctt. 0 1 6 ic^rfttf^r f 

|2 6, 2 9. ^77HI2 5, 3 0 £. *V 'J 7 ®& 
HAia^^<L- A>H=ft^iW- 
tc. a i giittSffiteJf^ffl'JKfaa^T. *»::**< 

[0 13 8] #89n?tt. 02 (a) (C^T «fc 3 K. fS 
•ttJi 2 7 i&SEtfil^'f HI2 6, 2 9*5. SttJlF*!© 
SSSS 2 <fc 9 fcA> F=fY 7^1*^-4']^ < 

a i fiattfc'hs< brceiiiiTsciT. ±a?ufc«£ 
litfiirtc. jsioaftfttwu^sn. is 

SHI co^b!fe¥^S^ffitt®^w»S^«kO : b/N*> F 

lGaN^ttucfcv^xa, i^aeoA isstt«to 

/JnS I^SS 1 ©^tt¥##i«A 1 SSItSr/h^ < 
d<hT<&*. C©B$. #FJi£S6l 

ty7 p i^M-^f<n. c©§5#ii. as 

2^mS^lCt>jgfflT#, ^ttWICtt. I2itSlf*i 
CDm2©^{b^)¥^^^ : S:. Stt@*<O»S®«k0t)A 

5<r-5ctTS.s. cinewse.fctjfcA 1 Mikitv 

*fflt»T, ®14®coifi<. #3SL<ttB»LTEItr* 
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$ns. sit z<dc£\z-o^t. f*L<sisrr*>. 

[0 13 9] *JIJSJgfi8 2 C«(t«flMb1fe¥«fl:*? 
tt, 0 2 (a ) i5<fctf0 12 (a) i;:^-r<fc-5ic. SS 1 

gm^® 1 1 . %2$ti@ 1 3 fcomc&ttJi 1 2*t 
-r«fc-5ic, as litii i i tux. a>^i7 M2 

3. Tffl?77KB2 5. TW*^ KJH2 6*««IC« 
®$tl. -to^cattA 2 7 . «ttJB©±C SS2ig® 
mmi 3tLX. 'J7ffl&«>®2 8. igEfttf-f H 
|29, i»i»7 7 K® 3 0, 3 K® 2 4 WWZ 

®. Tt^-fFS, ZyvFlB* ?>?>7hm> WSVMC 

-r. &@raicgij«esr8aw-T8ira$nT^Tt>fit». 

[0 14 0] :^-e, 02 (a) \Z*?£BJl\Z&l-fZ>mtiL 

12(a) (b) ttratt»;fttf-*nftj*A,-cEBsnfc 

l:»«lt/H7Xtt«0/OH*24 1. ^ICSSl® 
til 1 1 enSMflU S2iiI113^pI@it 
Lfci§££*T : k<£>T-<&-5. 013 (a) (b) *3<fctf 
014 (a) (b) CDA*>F«i£4 1 lCO^Tt>01 2 
(b) iB*T*0. 0 + WS*. (£itfe#OR) 

W4E F Sr*LT^^). 012 (b) «=>*^-5 <£ 5 
C. #Fil^tt»II2a, 2b«fc9=b. /X>F* 
V -y ^z*^^-©'h4 t»JB 1 ©afttb^WIHB 2 6 . 
S20SftW^i2 9. *«Stt«ftl*A/TE«4 

[0141] w,2mm.wm (pmmm) ft 

1C. «tt®CDifi<. ffSLOiBfcLT. *r'J7gflii 
s£>® 2 8#IS:ttS>n, JS2 0>afls4fc*MH*®2 9£»tt 
12 7 £©m»;:&tte>ftTn*. -Tte*)^. f§tt®rtro 
|gg®2 a\z£Q*-)l<tf#f s mft\zmC&i£><bn* « 
^ti»II2 bSt^/X«f§ttS2 7l:H«T4*t'J 
7$&#S2 8 lC«tOKi;ji»enit«jti:?tcoTV» 
•5. ee*CD^j§T'*^0 1 3 (a) (b) Ttt. **>J 
7fflJi«e>*fc*o^-7-lry hd<3S l ifSitroi 2 6 
<hfSi4S2 7. »te 2 a ^WfiSICiSttbft. SttJf 2 
7. BI12 aiOfc/O^+y^I^-©^ 

?£tt®2 7. 0gg®2 a KRttfSJS 1 cog{k<fe¥^ft 

■=>•**. s^ss i mmmmM\z&m2ntz%i 1 ©bii 2 

aTtioT, #F® 1 a(*|lClBi;>i«i)6ns. 
[0142] u*T, #F®. »e®. RtfSSiwSflsl* 

¥ig#® (SI2<7)g<t<fe¥i|$#®) ClWC^HTSfl 



t5. *»W©ilft«P*»#*T»4. ±a?Lfci^lcm 

^MWtSnSI, S2itfi$pi«i»*i 
^WTSpSitLTKlStS. ±j2BLfc«fc5i::, ft 

i-#] 3 ffi&<Dfi5ft.m\zi$^T. n%>mm\zm : bi5.< 

B2nfcnflW|S|e®5:SSl Wise®. -^T. pS®ffl'J 
left fcifi < KES 3 nfc p MHiBJB £SS 2 ©BSB t b 
HCT. *»9|-ett. »$b<«nffli]|$S 
®Wifi<T. ^lltli (nil) rtKIStt&ttfcJB 

OSS l <B«fl:i»¥W#JHaw> ^v; 7x*;u*-# 
^<t4CtT*5*>&. il>£<it>. SSltf>l*e® 
t#F®«r^-r-5ei±ltT-5. d©^> SSlWPSe® 
«. ^FS.fcO'bnSJHfliJKRttSn* d 
*»9HC*JHTtt. SH4®te4>ft< £fc#F® 
<b. #F®«fc0%nil®fi'Jf;:i8:tt£>n£:SISl OISe®£ 

fcSS 2 (OBtSg® (pffl'JISe®) *»^T. 
^KW^ftT^S^i^Sl/K tUfttZ, #F®£ 

j*A,t?iS:tt6»nfcSSi ©»g®<fc. ss2©»g®ia. 

[0 14 3] SSI tf>|Sie®te. J§tt®ff>Tg ! fcnSy®CD 
ifi< ICEM3nfcl$e®T<&0. Mtc»*L<«, 
®rt-eftt>fl-fciJT. gtniiiOifi< (C^lt^nSdi: 
T*0. 5ElCjf*U<«, nil. JBlOfiftttf** 
®lcigLT. ISlten*C<i:T**. dtltt, #F@€: 

^lt. niBicsiraLTmi©»Be* t sft^e.ns 
<t. ««jAtf0i3 (b) izTR-rmm-zte. mi(ommm 

2 a«t»3 ! t>nS!BfiiJIC*-5#FB-ett. ^-V U70SA 
#FS<i:LTW«|{^*a7ipfcOt^?)fc«6T"*S<. iS» 

ic, *i©»se«. *i©p?gst. pSitTfts 

n-5fStt^rtro#F^^=^-v U7€:Ki;iis!)5fc:*ro^ 

mtLxmrnL.' $.tc> m2omm.mbmmz$&2v>m 
s.m t. nmmfflnx-wmK* + u7tHa»i:btiffi 
rs-*T. #FStc^*nfcBg^. wx«0i4 

(a) (b) c?»MJ12c. 2dli. S^FB^ + ^U 
2 <75^g^t#F^roF B 1<0|S|fig<i:t ! fiSf«£5.^^«: ; t 

PisfflT-5»c«. s&Brt ©st>*n»j icss i wise®. 
s?2«>»ee*isar«.ctT. «tt®i*i^^ j i' | J7^ 

[0 14 4] SS2 W^e® (SS 2 W pffliSI) 
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:o+t >)7m&&M2 s\zm^T, m&mwz. 

U7t£«fifc*#^#Hl*]l-**rt** cn^rScSbT, » 

nfcWSBiiU «t>»*L<tt, SttHfc*^T*t> 

&A#*J&£ft£. &fz* ^tUTffl^it^W 

T#*a«. »SU<tt, pSSJB*<0** , J7Hi&*Ji2 
8JC»UTJB2 0!)|»BJBft»jaiT*Ci:"C, *t'J7H 

[0 14 5] ±jeLfc»l©PMIJB. »2©»* 

»2S«3SJBOiB<K:R«Sft* Stt^^^P$SS^* 

Tfe«kt>nfiuoi»aJiei^<oi»aJB«. «*tf, hi 4 

(a) (b) lC^Tct^>H, JtFila^Filb, 
#FB 1 b<h#FJi 1 c <fcK:B&*nfcl»eJI2 c, 2d 

ism i 2a, »2 <omm.m 2 b tsft^as* 

WT^^co-rf$)0, Si^Hii^ SH2 cD^M/I<fc9 t> 

«a*«tt*3fc^«^#F*iiftfc"r*. m&m±ft<Dm 

Ell 4 (a) \ZtR-?£?\Z. Sl^S12a, 
^2Oill2bct0 : b, #FHlC»E*nfcl»fiJB 2 c 

S*-6Ct*«T*)fSL^. *jfcBJ14 (b) K^t" £ 
5 \Z. SlC0Bii2a, ^2(0^1112 b«tOfc* # 

Tl)il(7)gii2a, ^20)BiI2b$:CnbBi 
n»Ol»BJi*«**<cl»ll«:»J«T*c:t*6, &#F 

[0 14 6] Bl±Bl^Lfc<t'5tC. ttffl$)|*»JiT** 



flWSJBtfB 1 4 (b) tztt&Slz. *ggc*rT*Stt 

[0 14 7] iil/fcifc^i:, ^RgB^^T** 
Jl 2 b Kite, nfiTIMl!* H-yt 

ai;:«fcD«F*L<. mhpmmm\z&w2nz>&2<Dm 

;Ftt4fc#F — t/SttT^fct^WB. AttftdH:. 5X1 
0 J 6/cm3£iT tTZZLti ffi» £ t 

«JCifi^JB2 0P»BH*7>H-yt"r*ili:T» p9 

U *2©»BBK:jfi»LX. »*U<tt»2 0)l»fiJB 
W*ttttftJB4:ft*«ia»C»*/S:», BS«arc p SPF*6 
S2^ii^7>H-^^-<!:TC^ 

tfiSSSft, 0 12 (b) . 0 14 (a) «*c*T<fc5 
tt'J7Ba»itH SS^fltigrtlC^^X, Sfe 

i^o^ai a»tto/hs^»2 <Dmmm&7> k— ^ 

[0 14 8] ^^c. Sl^)^il> *2 0»««i:Olt 
«»C*5^T, » 1 2 oOSid: 0 fc^ttt' 

mmt-?z>®s\z\t. m2mnmm<piz** *)7m&& 
128 zmjzz.£T\ wi,2<Dmmmiz£z>fe\imft^ 
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V f (STIC^^-T^. *fca<k«b¥W*K:4s^T»4. * 
-jnoattfi**. ot>+#K'hSv»fc 
ai). *-^©aAP£ft*Sgl©l$gB©lKBa*'h;*^ 

2 8 £*f-r*B£. ^L<14. SMOfi<. 
L<tt?SttBCttLTE«3ft&*2 0S{fctt¥B#B 
2 9**. mi Oltai i 0 ft^> H*t 7 ^1* 
A-^-Sr^-f -S^lCli, A 1 jS«Jt©a5V»JH*«SttB 
lcim$LTfi:tt<=>n*c£:£&*. c©fc£>. A 1 Sg, 

T£-l±5ffi|S]l::£>£. £Ac. £©«fc-5ftA 1 illllt©*: 
S£B£«tt:B£©*ffi. *Kt4A l«JlltO*#fc> 
lOfitll^I, SU<tt-€-©jfi»lC*3^T. 012 
(b) . 014 (a) (b) ICS^J^IC. p-n8& 

aiissn. *©ifi< c«ttB©#FB**M:W-s*rrv» 
s5rs.ts-rM(6]ic$.-5. -tutors f&KDm&miz* n 

— y— tUT«8ffiS-a-5i:»*L.^. $81© 

»fi®©&#«JfcBtB£LTte. '>6<tt>2 0A£t± 

<«. 4 0 A^±©RJ¥T-#FB^©S28£ffll*-£fttt 

[0 14 9] XftWOfH 1 ©##< KB 2 6. S2©)t 
3tf-f PJB2 9 ilTH, A 1 **tfSMfctt i MH*a*Hl'» 
f,n. 0 1 2 (b) , 0 1 4 (a) (b) ©M> 

FBB4 1 tLT^-T«fc-5lC, '>&< tfeft^Ffltit 
©i§tti2 7rtco#FBl«fc0 : b^:#7iA->H^A-^'/ 
I^M-tL, *fc»ttB2 7£**f-f FB2 6. 2 
9 t©H»T^S*/hS < IT. mi&?&ffi& * 
fc. FBte. 01 2 <b) . 0 1 4 (a) (b) 

*</Jn£ <T=b&< . 013 (a) (b) IC7pT«fc-5 IC, 
FB©-a$*<&SgB«fc0fc*#<T : fej5l^. Z.<D 
-m 1 ©IggBSKK %H4 FB. SKtt-tO- 
»rt«l»»BJ:0 t>'t> H*+y^x*;p*-***<"r 
•5*>. SL-<(4014 (a) (b) IC^T<fc 3 Id. f*)88 
ill, T fcfr'&fSaB'fWBgB©— SEJ: DJttf-f F 
H©/\*> F=F* y^x*;!/*-*:*^ 
-5. 

(0 1 5 0] TUt>*>. »S U<1S. Jfctf-f KB**. £ 
1 ©KgJI<fc 0 fc/O F^fvT'l*;^-©')^^ 



ft#-f FBICiSUT. fttf-f FB£<**JB 1 ©P*MB«fc 

±ess i ®Piii©*t u Tm&ftmtLTomm&tff- 

Mtc. A 1 B»Jt«>/hSH*£#-f HB* 
Jgfi£$ns<!:. A 1 *St»Bfl:«i¥«#C«fc*t6*tt* 

#&ic£nfc5ii^£*#£-<!:*<T-#3. iioi 

ft*¥B*B*. SSlB«HB*0>tt:tf-f FB*Rtt* 
M2««MBtc^^'f FBfctttt*»£K 
*l»T. ±SEL-fc«t^t;. JB2OI»fiBJ:0fe^>H^ 
V y :7x*JW*-©/hS t»SS 2 ©S-fb^^^BSrSt-T 
ZCt<b-?Z. -©^©feffitCOHTfcfS 1 (D&fc®* 

[0 15 1] MIC m2©g{fc^¥3M*Ba<±B57t#-f 

TAflsWCtt. I n Q A I jGa, _ Q _ e N (0^ 

a. 0</3. a+0^1) *«ffl^?>n5. Jf*b<*4. 

c:ttcJ:*Jt©»«tK*f. ?£©«*£&< up 

S6IC. »SKIiAl B Ga,_ s N 
(0^/3^1) SSfl.*£A> £T 

fi3 8 0 nm«T©S«M©Jt**S*-tt*£tt« » 
£L<teA 1 ,Ga i_ e N (O<0^1) **Bl>6il 
-5. Ctltt. GaNfli ±fE*Si£g*!R©} , ££©'Kb. 

It 01*. tttf'f h , BO/OH=ft7 7'X*M-Eg. 
fiH4B©58ft©ft^X*;l.*-E ptCtt^T. 0. 0 5 
eVa±*£<&Si:5l:: (E B -E p ^0. 05e 

v) . pgr £c cmicto. ±ies& 
o. i incit, K«c«nfcWis«s**»j«an*. 

[0 15 2] |gl3S<fcft¥8${*Ba<tt#-f HBTS)?)« 

SB©»£«. M2o^gi) «k0fc*#v»«lB"r, «t 

0»$U<«3 0 0AR±fl)KfT*)«t4Ct*«»S 

[0 15 3] 7t^-f HISiffif ttSio. )S 

*S?-**Sfi)tT-5^;T©B(CA 1 $:^tJCi:75 < »SLi' 1 . 

$>z>^\tm%?zmtfiTZ'j>tt< 1 oobj^a i * 
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Z<Dmv>n> K=¥ + y^X*;!/*— A<JgttB«>*1- 
WgiJ;t)'hS<. ;5^S14B<ai*lgl5B$gB<fc9;»c# 
L,^. ClllrJ: 'J 7 If! 

[0 15 4] SlSilli^l »»^S<hC9#ffi(4, 

roiti^A l u In v Ga,. u . v N (0<u< 
1, 0<v<l. u + v<l) i>^5tf. 
■ffctJ^&ttBliA 1 X G a i_ x N (0^x<l) <t-f 
■5. ^ iStliSS l roBIIiffif I^Sts^ 

$-t±-5Ci:lC^-5d^ I n * Afttz 4 TcigHOgfc&l* 
jg#te0iUfcf 3 0 0 A«±^m)?€:^P£L,tC< l». «to 
T. m lilli^ I n^Sft^f^IMOA 1 

[0 15 5] [Hffifl?^3] *IC. *^BJO$e>(Cft!J<75 

[0 15 6] (MMMM 3 — 1 ) SttB (A 1 G a Nil 
tl/G a N#Fi/A 1 G a N»li) SCH«&dt 
p-G aNn KB 
p-A 1 o. J G a 0 9 N/A 1 o. 05 Ga 
o 95 Njgt&^7-;> KB (±gB^5-> HI3 0) 
P-A 1 o. 04 Ga 0 , 96 N#< HI (±«#-f K 
129) 

p-A 1 o. 3 G a o. 7 N 'J7ffl&<*B2 8) 

m&m (a i o. , 5 g a o. 8 (jb 1 <om 

mm) (100A) /GaNffFI (IOOA) /Al 
0. i 5 Ga 0 . 85 NI*BJB <*2©*BB> (45 
A) ) 

n-A 1 o. 0 4 Ga o. 96 N#< KB <T«#-f H 
126) 

n - A 1 o. iGa 0 , 9 N/A1 0 . os Ga 

n-InGaN?7^ BSltB 

n-A 1 o. 02-0. 03 GaN(Si H ~ 7 ' : 

ij 2X1018 c m- 3 ) 

SSi Xl05/cra3: ELOGSS±l: 

HVPEfttG a N£«Sftl£ft3-efc£«> 

[0 15 7] (Hlfl3-2) (§141 (Al InGa 
NUII/G a N#FI/A 1 I n G a NB1S) S C 
H«jg 

L, -^<Z)ffite|3]*tft8ij§<!:-f 

ffittl (Al o. 15 I n 0 . 03 Ga 0 . 82 NI?I 

M (IS 1 ORgB) ( 1 0 0 A) /Ga N#FB ( 1 0 

OA) /A 1 o. 15 1 n 0 . o3 Ga o. 8 2 N ^S 

m ^2(ommm) (4 5 A) ) 

[0 15 8] (SHJE^<i3 - 3) SttB (A 1 G a NBS 
il/AlGaN#pg/AIGaNBIi) SCHffi 
it (SSJI£fil3 6 0 nm) 



mmmm3- 1 ic^t. fsi±i*«T»c^-rfcot 

ffittB (A 1 o. 20 Ga o. aoN^il (mi <Dm 

mm) (i o oA) /a i o. o& Ga o. 95 N ^ 

B (1 0 OA) /A I 0 2 o G a 0 . 80 NHlfiB 

<.&2<Dmmm) (4 5 a> ) 

[0 15 9] (**#*3-4) m&m (A l I nGa 
N»SB/A 1 G a NSFI/A I 1 nGa Nil!) 
SCHfcjg («m^fi3 6 0 nm) 

nm&m3 - 1 ic*^t, stt®<&wTic^-rfcrot 

fittB (A 1 o. 15 1 n 0. 0 3 Ga 0. 8 2 N ^ 

1 (^H9HgI) (100A) /GaN#Pi (10 

OA) /A 1 o. 1 5 1 n 0. 0 3 G a 0. 8 2NP$M 

B (^2 0@gi) (4 5 A) ) 

[0 16 0] (HS£^SI3-5) ?§ttB (A 1 G a NGS 
II/GaN#Fi/A 1 GaNBIi) GRINtSit 
p-G aNn>^i7 KB 

•5. 

p-A 1 a G a i_ a N/A 1 b G a 1 _ b NiB* ; ?i' 
7y KB (±gB^7^ KB 3 0) 
n-A 1 c Ga !_ C N/A 1 d Ga ,. d NSffiff 
5-;/ KB (TSC^7-^ KB 2 5) 
[0 16 1] (^16ii3-6) (Al InGa 

NUli/G a N#Fi/A 1 1 nGaNBII) GR 

i N^ii 

KB^ffittB^rWTtC^-rfcWib. tete|B|«Ste 

p-A 1 a G a !_ a N/A 1 b G a j^Ng^f^ 

(±gB^7-;/ KB3 0) 
SttB (A 1 o. j s 1 n o 03 G a 0 8 2NRtM 
I ($l®@i§) (4 5 A) /GaNSFI (100 
A) /A 1 o. i 5 1 n o Q3 G a o. 82 NP»gB 

(I2WPIII) (4 5 A) ) 
n- A 1 C G a ,_ C N/A 1 d G a ^aNSfef? 
5;/ KB <T»*5* KB 2 5) 

[0 16 2] (*JI1*<£3 - 7) (SttS (A 1 G a NKJ 
if/A 1 G a N#Pl/A 1 G a NKSD GRIN 
tttifi (fSlt&S3 6 0 nm) 

mmmmz - 1 ic&^t. ?t#-r KB€:ffl^t*tc. ^ 

p-A 1 a Ga i_ a N/A 1 b Ga 1 _ b NlH»^5' 
KB (±SI5^7-y KB 3 0) 

SttB (A 1 o. 2 0 G a o. soN^ 1 (?g 1 ro * 
MB) (100A) /A^'l-o. 05 Ga 0 . 95 N#F 
B ( 1 0 0 A) /A 1' 0 2 0 G a o. 80 NKII 
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(&20ma.M) (4 5 A) ) 
n-A 1 C G a !_ C N/A 1 d G a i_ d NjH*^ * 
?y Fl <T»*5y HI25) 

[0163] (mmmm3 - 8) etti (a i i n g a 

N»gl/A 1 G a N#F1/A 1 1 n G a 
GR I Nffiit (5SHg£:g3 6 0 nm) 

mffiMi&3 - ncfc^T, Fi£ffl»,>r c. 

Wmi:-?Z>. p-Al e Ga 1 . c NS»i'77F 
1 (±SB^7-> HJH3 0) 

SttJB (A 1 o. 15 1 n 0 . 03 Ga 0 . 8 2 N ^ 

I (fl<9PIII) (100A) /GaNSri (10 

OA) /Al o. is I n 0 . 03 Ga 0 . 82 NBI 

i (m2omm®) (4 5 A) > 

n-A 1 f G a ^{NfflM^^y Fl (TSB^ ^ 
y HS2 5) 

[0 16 4] (HJS^Si3-9) fittl (A 1 GaNB 
Ml/G a N#FI/A 1 G a N»gl) G R I N — S 

*MS»J83- 1 K4J^T. fttf-f HiSHTCittiO 

p-AlgGaj^NattHW^FI <±»#-f F 
129) 

fiHil (A 1 o. 15 Ga 0 . 85 N8I1 1 coK 
fil) (100A) /GaN#Fl (1O0A) /A 1 

o. isGa 0 . ssNiii (m2<ommm) (45 

A) ) 

n-A 1 h G a , _ h N&fi£f*&#-f KB (T»*-f F 
126) 

[0165] (mmmm 3-10) sttJi (a 1 1 n g 

aNC$Ml/G aN#Pl/A 1 InGaNgll) G 
R I N — S C Hffljfi (fgHStfi 3 6 0 n m) 

p-A 1 B G a 1 _ g Nfflfi£«*4;tf'r Fl (IW-f H 
129) 

SttJI (A 1 o. 16 I n 0 . 0 3Ga 0 . 82 N^g 

1 (SfliroP$gl) (100A) /GaNSFI (10 

OA) /A 1 o. 15 In 0. 03 Ga 0. S2 N ^ 

1 (Sg2ro»gl) (4 5 A) ) 

n-A 1 h Ga ,_ h N»J*«»;9-r KH (TgBtf-f F 

126) 

[0166] (mmmm3 - 1 d stti (a i g a n 

HIl/A 1 G a N#pl/A 1 G a NBIi) G R I 
N-SCHflSig (^Jgi^fi3 6 0 nm) 

mmmm3- 1 c*ht. Fitfitti^wTic 

p-Al g Ga,.,Na*«»<f'fHI <±«WK F 
12 9) 

stti (a i o. 20 Ga 0 . 80 NMten mi<om 



fijfl) (100A) /Al 0 05 Ga 0 9 5 N#F 
1 ( 1 0 0 A) /A 1 o. 20 G a o. soN^ 1 
(*2 4>MtftJR) (4 5 A) ) 

n-A 1 h G a ,_ h NatK«»^-f Fl (Tffl^-f F 
12 6) 

[0 16 7] (H)6£Jg&3- 1 2) SttB (A 1 1 nG 
a N»gl/A 1 G a NJfFi/A 1 InGaNBI 
1) G R I N - S C H«jg (58iSi£:B 3 6 0 n m) 
*«»«3-lK4»WT, ItX-i FJB£»ttJi*«TC 

p-A 1 g Ga ,_ e Nia*«»^-f Fl (_h»*W F 
12 9) 

fittfl (A 1 o. , 5 I n o. 03 G a 0 . 82 NI®B 

1 (%l®l$ei) (100A) /GaN»Pl (10 

OA) /A 1 o. 15 1 n 0. 03 Ga 0. 8 2 N ^ 

1 (Sg2ro®Ml) (4 5A) ) 
p-AlgGa^gNlfl^^FI <T»#-f F 
12 6) 

[0 16 8] ±gg*j&£J£<ig 3 - 1-1 2©4*«»:o^T 

[0169] mmmm3 - 1 ettisjtgp. Tas^ 

7yHlT»E*. KliftttlOBCB. ±» 

ft#>f FHtTSBfttf-f FiaUfctt&tU >7yFl 
tt. -^KJEHF-ybfciaft^WifiT. Sfttf-T Fl 
U. m2<Dp|Sl«t0 : bA> K^f^ 

x*;u*-*</Jn£ < . i=fc, A 1 fijftifc**/hS«r»t>©-c 
*0. |$«lttA 1 G aN0 3 5ciiST^^tlTt» 
•5. 

[0 17 0] nffi.Mm3-2l*. mi&MWi3- 1 tgii 
•5.6te. £ 1 QMUKB. ?g2ro|£gl£A 1 I n G a N 
© 4 7t;ilS"C^fi£ U T V>2> <h £ 5 IC $> i> . 

[0171] 3 - 3 tt. fHig)gSi 3 - 1 . 3 - 

2 tSftSjftli. ^FlSrA 1 G aN0 37CtlSttT 
t>*iC3T**>. SiJSJ&SS 3 - 4 te. HSEU8I3- 
1.2. S&AttSAtt. #FS*A 1 G aNW3 7Cil 
StL. iil^A 1 I nGaNro4jcfiS(ktTI(»3 

[0 1 7 2] SHJE»ag3-5te. *«»«3-l. 2. 
3. 4 fcJtttSAtt. ±*. T»f5? FS£-#rol 

^<7)1©A 1 mfStt a. c *SttJiK]fi-^< CtJftT/h 

T©6S«) ro/\*> h*^^7^M-E c * { E p ctO 
t>0. 0 5 e V£t_t<!:&-5<fc?ICL. — ^TCWiSSi: 
«HT. *10MtM. S2©H11J:HA 1 jgH 
tt. A'>F^t7^i^M-*'J^<1'4. cross. 
Aimp£tta>b. c'>dT*«. 

[0173] ^mmm 3 - 8 «. mmmm 3 - 1 ~ 7 1 

ft&SAtt. ±». TW5yHitlTAlGaNl 
Kfc^T, AlfiAtte. f *SttJi»Cifi"^< KOftT 
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tTFWfl^) ®70 H^-V y^lW^-E C #E p «fc 

c*i>t. $ 1 m2<Dm&mxK)hA 1 is 

[0174] fSifi^Bg 3 - 9 «. 3 - 1 ~ 8 t 

AftS&tt. #-f F H fcU AlfiAJt 
g, h*»ttJB»Cifi"3<fc:-3ftT*a< U F 
@05-8B*t. SIOKII. Sf§2cD»ffiJf «i:9*>A 1 S 

[0 17 5] 

mmm] c&ttsm] &lt. jms«£L.t. bic* 

■TJ: 3 fcU— *ftBli:ST»»B*ai: 

[0 17 6] ***«Ttt. GaN***«V» 

«HTt>*l>. SaSS^bTJi. C®. R 

(MgAl 2 0 4 OJ:5fttfi8ttSS. S i C (6 
H. 4H> 3C5^tf) . ZnS. ZnO. GaAs, 
S i . stfSfcto^fcttitt^SE^TSKfl:*!***. 

Tt>Tt>«fc<. J10«^^T-y7 r ttK*77>d r -«'bfc 
irg'fktfU ^AA^^-STtfiBWfiSSA^ 
,fM4£<j&fi£l* k-i^. Ml'. Sag«£ffl 

[0 17 7] IlSfifffl^?>«^l;H A»v7 7l 
«gi&i£:BJg) . SHU**** (Jf$L<«GaN) A> 
&Jtt*T«s«t^UT. 3i^ffiig£^fiS-r-5C<L. g<k 

CKttSTittJI <J*4Stt) tLT. EL0G(E 
pilaxially Laterally Overgrowlh)^^^-^^:^^^)* 
iS#£m^<fc*SIM4*<&ff E 

fc«Hflt*f^*4fc£LT»lSLfc^X*««£. £4k 
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[0 17 8] (S1S1 0 1) I«tLT. ASSttlCft 
Sa-a-fcS{kft^^^» **K«TttGaN, £J¥K 

(lOOjim) Tfi£4£i*fc'f£. SiSfi^ftibT. 
8 0 nmOG a N^e>^t-5^{k«l¥3li*S«*ffl'' ) 4. 

4>> C®$£ffi^-r-5-9-7 7-1'7«t:0 7 > <C-5SaS«S;M 
OVP EKJtS&flrtK-fev r-U iag£ 5 0 0 *C IC t 
T. hU^f^WJ-JA (TMG) . 7>^-7 (NH 
3 ) GaNJ:0/<t?>IiaM^77TiS:2 0 

0 AcDISIJ?TJS4£-tt\ fOt. jaffi*±»fT, 7>F 
-^(OGaNSl. 5 umORfPfiE§S*T. Ti4J§ 

flsofcrtft (elog) \z&k> ntzmt<fo*mfo 
m («3*i*]**jb) zf&fcL. m*r, hvpecj:0 

1 0 0 p.m(D^m<r>G aNSMStt. A 

[0 17 9] COB?. «?*«P*©V**tt, S i 0 2 
*>£>7i0. VX^ISl 5/xm. HIP SB (ffiSB) if§5/im 

n*fc*. saettic^fk^< . enters, siinsft 

lg£*#<-rSlif*k<. HVPETSSSt^ffti 
*i*iLTIt GaN. AlN£fflt>4<t. 
»ttTt>-3TJPitJS*a*-e**. GaNSISSHVPE 

MJ9 73 [6] IC fiStST 4 IC# H ^ -f > k TBitM 

an4 3^7c<7)fi£fi^^t^4|iir6](c*o. 

[0 18 0] (M7 7 711 0 2) SikWMfiro 
±K. SSS: 1 0 5 0t;tcLT. TMG ( h 'J 
«J^A) . TMA (hU/^7J^X7A) . 7>^ 
= 76fflk Al 0 , 05 Ga 0. 95 NJ:Dtt*^f 
77I 1 0 2^4 wmC0KJ¥'Cfi£fi$-&'5. :®Ht 
A 1 G a NWnfi!|n>^? GaNA^SiHk 



( 25 ) 4#§82O03-l 15642 



[0 18 1] ^Wi:n 

JEftBSSSffiR^'J^^Sfttt^fr^A 1 a G a l-a N 

(0<a^ 1 ) ^b&W777i l0 2t:flW:t 

<t«l*W*CD«l*m**JBT**GaN«)±ICia!«t«. 

1 0 20A 1 &IIJtaA<, 0<a<0. 

Ii:lTMlTfe6<, A'7 7/i 1 0 2 £fl2jSL£ 

fflEAy 7 7aoa«aT8sns n «3 >^i? h 

/i*^/£LT, /V;77il0 2 h^<D±<DnM^>^ 
/7hfl04 iCfcA , y77M^:t5» ! bfi 
-TUt>*>. :^)A'777il0 2H Ut^ftf&fi* 

^faJ&SJl (««) fcOIHKIiaWSCli:* 

1 (SIS) fcOIUJK:. tfc 1JBBU:IM**£4: 

-e, tf^F*&Mu *wtttm±a**utwr* 

-5. 

[0 18 2] n«a>** HBS'^^rJifc"*" 

£o \Z, nffln hJf<7)A 1 SStta £ 0. 

5/ty77iH ±»LfcMSS±l:K»*^y77 
iiH8i:3 0 01C£JUb9 0 OrjUT<BfifiTflc*Slt 
T : bfi<, 8 0 OIC^I 1 2 0 OtWT^SStfiEl:^ 
i*Tfc&<, MP £L<te8 0 OTCBUb 1 2 0 OtHT© 

»e>ns«isitc»s. :^7 7 7in nsa, 

te, n§4, pS^ttM, A 1 S»tt*SCfl:S-frTK 

[0 18 3] #IC, gft«l¥«ft^^6ST«lO± 

SiiiLT, n<Ma>*£ HI 1 O-nfM^tf-r FB 
£R»» »2#tIltl/T, pfiijm^EBiiftH 1 0 8 
-pl3>^nilll *IStt£o 

[0 18 4] (nffi:3>*^ KJi 1 0 3) i&KttSnfc 
A777il0 2±CTMG, TMA, 7>^E-7, * 
«ift^i:LT'>7>^Sffl^ 1 0 5 0ttS i H 
-7LtzA 1 0O5 Ga 095 N«fc9ft*n<M:3>*? hJ§ 

1, eL<tt^777ift^T«ll- A 1 Sr^tTg 
{t»¥«JH*. ft^i:tiA! x Ga H N (0<x^ 



1) , GaNS:t^AlSt$ft^S 

ffiStB«T**ttl*]K:*0, A 1 *^trgft;t)¥^#£ 

[0 18 5] (t7 7y?m±m 10 4) TMG, 
TM I (HU/fM >z?V2x) , 7>^7^ffl^ 
2ag*8 OOtCLTI n 0 . 0 6 Ga o. 9 4 NJ:C) 
U^{7yy{7K±B 10 4*0. 15 Mm^llSTfiEfi 

[0186] (nl^77Fll05 (T»>?yHI 
2 5) ) *IC, 1 0 5 O^lCLX, T 

MA, TMG^T/^-T^K 7>F~7 r tf>Al 

0. n Ga o. 86 Net o*c*ah*2 5 A&mmx 

5>#X£fflH, S i * 5 x 1 0 1 8/cm3 H-yt 
/cGaNct0^^Bi^2 5 A OK/PTfiK^ £ -&£o 

lt> ah, BJBssss^warsakfpft-tn-eni 2 

O0l*BigLTA«<hBJi£fSBU ffittffO. 6 Mm 
O^JIBI (ffltt^WJfi) i0Wni^77 HI106 

[0 18 7] (niWFI10 6 <* 1 OftiM F 
126) ) mm<DMmX^ JStttfXKTMGRtf 

7>^7Sffl^ S i «F — 7 r lfeGaN,t04SR 
Jf2 5A<£>AJf, IgifttfXiCTMAfcjbDAT, Al 
0. oe Ga o. 95 Na>*>ft*KJP2 5 A^Bi*. 
XSK3 0E*0igLT*JBU ttl&^JBIR^Stt* 
J8IJP0. 1 5 MmOn«««< FJi 1 0 6Tffifi$t 
5. 

[0 18 8] (SttJB 10 7) #KI, fiK*:8 0 O^CIC 
IT, gmc^Tcfc^C ISWICTMI (FU>^ 
;U-f >WI±) . TMG, TMA^t^ S i K-^O 
A 1 0. i Ga o. 9 NJ:0tt*l*«JB. ^-^±JC, 7 
> F — I n o 03AI0. 02 Ga 0. 95 N{fc 
9fc*#FJI£. PiSH 2 a/#Fi 1 a/^112 b 
1 b/fll§2 c (aJEKfflJlT*. -<£>B#, EI 
7IC^-TJ:^IC, K112a^2 0 0A, HII2b, 
2c^4 0A(OliT, #Pila, lb*70Ac7)BI 
mXMf&TZ* SttS 10 711 8gRJPK)4 2 0 k<Dg? 

mm^#wffi& (mqw) ttt*. 

[0 18 9] (pflWFHfcfca 1 0 8 <**'J7Hi& 
&J12 8) ) ^CIC, BttOfflKT. gmtfXKTMA, 
TMGRtf7>^-7*ffltV ^«»«XiLTCp2 
Mg (">^7 D^>* vX — Jl/V^y'JA) M 
g£ 1 x 1 0 1 9/c m3 F — ^LftA 1 0 . 3 Ga 
0 7 N«t 9 ft 5 pfflflS^ffi&J! 10 8*10 nmCDIS 

[0 19 0] (pfflTfe^-f FH 1 0 9" iW,2(Ditil^ F 
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if 2 9) ) 1 0 5 OtllCLT, WM157s\Z 

TMGStX7 >tz7Sffl^ MgH-^GaNiO 
&*I«JS2 5 AOAB, ^^^7,(CTMA^JDAT, A 
I o. 06 G a o. 9 4N«fcOfc*lBtJP2 5A^)BI, 

[0 19 1] :(Z)p»t^Fil0 9lt Pilfffl 
iX^il 0 8, p«^7yHBl0 9*ORtti*6O 

[0 19 2] (pffl?77HBl 10 (±»£5yFB 
3 0))JKt>T. 1 0 5 0'CT7>F-7 r A 1 0 . , 4 
Ga 0< 86 N<fcOfcSAH*2 5 AoKlSTSfcfiS 
-t*\ g^TC p 2 M g £ffl^T\ MgF-^Al 
0. i4 Ga o. 86 N,fc9&£BB*2 5A<0RffT 
jSfiS-fr. A®, BJBSr«S^«B-r*»fP* 1 0 OH 
»051UT«gJK/?0. 5/im©iftf*ilR«J:DWp 
5 y FJB 1 10 

[0 19 3] (pi3>^^7hil 1 1) ItC 10 
5 Ott, p«£>7* FJ8 1 1 0O±JC, Mg^ 1 x 1 
0 2 0/cm3F-7 p L/:pSGaN<i:0^^pi3> 
^^7hil 1 U150 A<7>R#TJ53c*£-fr*. Pffl^ 
>^^7hil 1 1 top §10 I n x A 1 y G a,„ x _ Y N (0 

<«pi^«I^K-yL/:GaN, 5g L < tt A 1 fijsfc 
itO. 1 G a NtmH pfgl20(i:l 

2>. zi>5>? hJH ill (iii^MtSit**^ 
lxioi 7/cm3&L±<OlK*r* 'JTSgit^ 
Ci^I^L^. 1 x l 0 iVcm3J;0 fciSl^S 

£ >^ Kgoa^c^rG a NfTZti* ffiS 

0 0 , CT'7-- 1 J>W7^ pSJl*M«Cfi»tri{fcT 

[0 19 4] «±COcte)lCUT^{k^^^»^^fi^^ 
&B£«JlLfc&, *XA£SJfc£g*>*>lfcDaJU M 
±SOpffliJn m<0«ffiK:S i O 2 <fc0&*«» 

l^Mlt, R1E (KJStt-f *>Xy^>^) 
US i C 1 4 ^fXICJ: Ql7?>^U (U 1 K^Tet? 
IC, n€S£^J5fcT^#nfi"J:3>^ h/I 1 0 3 OS® 

[0195] ^ic±a>u^x h^<yt^^2§^gsm^^ 

ffiij:3>**hB (iigBn FJI) <Dm££W\z, P 
VD^BlCct 0 . S i mt%0 (±tlt, S i 0 2 ) cfc 



0&**1 CDffilll 6 1 £0. 5MmORft»«t 
R1E (SM^*>X7f>^) mm\zj:K>* CF 4 

7«i. 6 umcDmio^mmi e i<hf£o cop#> 

>^JhillK *5«fctf p«*9* K1109, pffl 
Jt^ HB 1 1 0O-»6Xyf >^LT, pWJfcaM 
FJf 1 0 9 (7)111^0. 1 Mmt^Sffi^^TXyf > 

[0 19 6] WZ. U y/X h^^f^UE^ % 1 

16 1 ©±*>6. Z rKfMfc (i^tTZ r 0 2 ) 
J:0tt*JB2O««Kl 62*, 
Xu/5 L >* r tc«t 0Bffi*nfcpfilJ3t^< HJB 10 901 
1-0. 5/imOlftMLTM1-^. 

[0 19 7] Sg2CD#SfBil 6 2JBJ&& OX/\£6 0 
OIGTMIt^. CO&olZS i 0 2 W^O«*4*m 
2 0«BH)t£LT*dELfc*#, HI 2 OffHKAKft 
IC, 3 0 0TCK±. »*L<»44 0 OtEUb, JMfc«¥ 
^#0#8?i&SJ^T (12 0 or) T^jas-rscitc 
<fcO, *2 0««K**S10««KO«##» 

[0 19 8] #Cfc, ^XASr^yBMcaStb* Sf§ 1 ©fit 

£0, pfijn>*^ KJBl 1 1 OilcRW-StlT^fcjB 
10fiMl6 1*l»SSnT 4 p«n>^*MB*«* 

man*. ^±©ctpJcbT, a i tz«-r«t3t» uy 
~>*x h 7<i 7<omm. Rif^nizmm-rz^M (pffiot 

FJ1 1 0 9C0@tb®) lCfg2<7>«tS®l (S&B) i 
6 2#«JBfcSn*. 

[0 19 9] Z<DJ:o\Z. pffln>** m 1 1 2<D± 

i:sw^n^sio«a«i6i^ »**nfc«, h 
i ic^-Tcfc^tc, ^co®tbLfcpffl=j>^^ miii 

©SEffilCN i /Aui Dtt* PIS 1 2 0 SrJBflcT*. 
{lb pfg 1208100 um<D7s by-f LT. 
B 1 IC«TJ:3K:. S2^ill 6 20±l:ilo« 
jST*. *2 0«««1 6 2»J*«. RlC«USltfcn 
fiijn he 1 0 3©«BBICttT i /A 1 cfc OteZX 

h7<y^nt@l 2 1 £X h^-f ^tTfTtt^rtJT 

[0 2 0 0]*L nm@£^/#TSfctf>tCXy^>^ 

LTBtBSftfcffiTp, nisi:, sfcottiLfltssBttr* 

SfcfcBra^SHCV^^ U S i 0,tT i O 2 «fc0te 
5Rf#*BRl6 4S8tfta, p. ntffiiCN i 
-Ti-Au ( 1 0 0 0A- 1 0 0 0 A- 8 0 0 0A) 
iOftftSOUL Wyh) M 1 2 2, 1 2 3 
^fftRttfc. COW, SttJI 1 0 2 0 0 miti 



( 27 ) 4*^2003-115642 



K^ISttSn-o. &±<n£oizLT. niSip^Ii 
•fb^^^^McS (G a NWMffi. (II- 0 0) &£) 
— »f3Srf£# 5. COP#. «*ggsfi(4. 6 5 0(imTS 
[0 2 0 1] A-tttCT'SKJIC 

A&3r£S?H!®£ Lit 1 *i<Z>#ig8§®€:^»£LTfc6K, 

H Si0 2 , Ti0 2 . Zr0 2 . ZnO, A1 2 0 
3 , MgO. #U-f 5 F*> <hfc-@ffl 
H-5££T$.0 . A/4n (Ati&g. n li**£f<£J3ifr 
*) ©K^T-WJlUfc#-SM<i:L-T ; foS<. lBfc'ttffl 

«ffi£-fr-5lc»i. A/2n©IHTMt5<!:I^. * 
fc, ^fDDXIiT, Xy^>y«8ffi€r»fi£-t4-riC. T 

[0 2 0 2] /N*-t«:<75'?XA$:SEfC»fiJT'5RStC ! b. g 
it<®>*m& (*#««) ©BJH*fflH*:t*«T*. 

(GaN) ^A^S^-PjfimLfcM®. AS ({101 
0) ) T^MIT. ^•y7 P S:IX0aiLTt)^<. 
A-tt»CgWT-SISlC. g*t<B5¥ig#<7>A®£/BOTfc 

[0 2 0 3] t#<=>n-5 U— tfSt'Pte. SS3 7 0 nmT 

fc. nffi. pMWfttf'f FJBtt. A 1 ©V^fclfctfc** 
0. 0 3©A 1 G a NT*B(i£2n. ^ 1 <T)%ii-i HIS 
i;S2©W FJf CDA*> F*V '^X^M-E 
g £. U— tf3t (SttSW^JtSEfi) ©tt^X*;l>*- 
E ptOl, E g - E p A*. 0. 0 5 e V£t±£fc*» 

[0 2 0 4] [j|fifl2] *«g«llC*^T. f£ttJl£ 

[0 2 0 5] (ffittil0 7) Si K-^OIn 
o. oi Al o. i Ga o. agNiOftillM. * 
. <D±\Z, 7> F-y<0 I n 0 . 03 A 1 o. 0 2 G a 
o 95 N±(364#Fi*. a/#Pi 1 a 

/BtgJ12 b/#FJi 1 b/@I12.c OIHlcaST 
-5. d<DP#. H 7 IC^-Ti^tC. gi@2a^200 
A. KM® 2 b. 2 c£4 0 A©6lf. #FH 1 a. 



lbS7 0 A©M»T#J*T*. ftttJI 10 711 
J9»4 2 0 AcD^m&^rmm (MQW) .tfcS. 

[0 2 0 6] w&ft-si'— tfsmi. itisffi 1 

IC» M3 7 0 nmTSJIi:Tl«»«f 4Sft«*» 

[0207] [mmm3] mmmnza^x. sttJi. 

FH. £5-;/ FJI£«T©<fc?K:J&fi£-r3<ite. 

[0 2 0 8] ( n#J£ 7'yHil 0 5 (TS5£7 3>FJS 
2 5) ) 2 5AClfT7>H-^A 1 0 3 Ga 
o 7 N«tD&4A@i- 25AWKJPTS i£5xi 

0 1 8 /cm 3 F-T'bfcA 1 0 . 2 G a 0 8 N«fc0 

te^Bjiifc. 3Jsi:sit5SffS:-en^ni 200 

mm (&&^«iS) it)65nfl(?77HI10 6« 

[0 2 0 9] (nlW-f H110 6 (Sl©)t^H 
126) ) Si F-3/A 1 o. ,Ga 0 . 9 N«fcO&S 
8IJ¥2 5AroAi. A 1 0. o3 Ga o. iN*^ft5 
BIJf 2 5 A©BJf 5S5IC3 0 EU* 0 51 LT*8J1 U 

110 6T?fi£g£-fc!r-5. 
[0 2 10] (SttBl 0 7) S i F-^OA 1 o. 2 
Ga 0 . 8 N«fcDfc*«tgJi. J t<0±iZ. 7>K-^0 

1 n o 03 A 1 o. 0 2 G a o. 9 5 N«t 0«t*#F 
Jf£« BSSJI2 a/#FI 1 a/KI12 b/#Fi 1 
b/^gj§2 c E17IC^-rJ; 
PC, gII2a^2 0 0A, HII2b. 2c£40 
AoflSJPT. ^Fi 1 a, 1 b£ 7 0 Aoi^^PT^PXT 

fiHtS 10 711 *gMJ¥i®4 2 0A©^Iif#F 
(MQW) 

[0 2 11] (pffiiJtttf-f FJi 1 0 9 (?g2tf>7t;tf-1" F 
S29) ) M g F — T'A 1 o ,Ga 0 . 9 N.fc0ft4 
m&2 5 A<DAmt, A 1 o. ,Ga 0 . 9 NJ;9te-5 
If 2SAOBIi. ^5SSIC3 OlHUiOilUffiSU 
T. miPO. 1 5 jtimTffltt^£JMI*iS<0pfi l J3fc#-f 

FJS 1 0 9 

[0212] (pm#7-y F® 1 1 0 (±BRi77y FJ§ 
30) ) 7>F-7A1 0 . 3 Ga 0 . 7 Ncfc t) <C5A 
S£ 2 5 A©«PTI«*Stt. M g F-7A 1 0 . , G 
a 0 . 9 NJ:0ft4Bi£2 5A©ISTfiEfi^St. A 
Jl. BS^^StC^S-TS^f^^ 1 0 OSMOigl/TS 
J&J10. 5/imO@*S^^S)K«fc0^-5p{|iJi7 7 y F@ 

1 1 0 SrfiKS$-ti--5. 

[0 2 13] *Sbn*lx— lf*^tt. *JE^I liOfefi 
l^8EgSl*$<Z>. r^fi 3 5 0 nmTSSlCT^Sc^iiTS 

>f Hitt. A 1 <7>¥«mfi£tt.# 0 . 2©A 1 GaNT^ 
j&£n. Ml 1 OTt^-f F^RDtm2 07t^-1- FJ1©A*> 
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— E pt©l. E B -E P *«. 0. OSeVaiiittS 
[0214] [*Jfi«4] **«lC*St»T. #3tt*-f 

[0215] (nf.ijft#-f FB 1 0 6 (Ml 1 ©Jfc#-f H 
126) ) Si H-^CA 1 o. 03 Ga o. 9?N 
(lHJStfiJ 1 OA 1 W-i^mBS.) £BUP0. lSumTnl 

ft#-r fbi o 6£^jsu m-K-ejt^-f fb^sw 

-5. 

[0216] ( pffi'J7t^-f FB 1 0 9 (%2<n%ii^ F 
129) ) M g H-^OA 1 o Q3 Ga 0. 97 N 

(S&H£0iJl©A I fi^lS) £K)UZ>m.m 0. 15ym 
TpMW FBI 0 9*#J«U m-glTJtt^-f FB 

[0 2 17] S6n«V-1f*-FH;. *JE«»J1 lcit«L 
X. A 1 rosp-^ffifi£«lRli:feOW. m-BITfttf-f FB 

K— 7"Lfc H t l=«fc*3t©»ife*«# < 9t±T z>m\°\\z$> 

[0 2 18] Cft&tta&SHHRWfttf-f FB 

<fc It, mm&) 1 IC&I^T. pi^HI. nffiiJfttf 
-f FB£. *-n-en7>H-^A l 0 . oas^a 
0 96 6 N, 7 5nmWlftMt. BII2ci 
#FB 1 b€r|g^^Ct^-fi^#F«it«fSttS2:»fi£ 

^ kb*<#— mT$>zz\t\z£ o. usikii&mfc-rz 

SifMSWaL^S. Sfcfttf-f FB£7>F-7 

jEfiaj i timmm<Du— y-'st^aqt^n-s. cct-. 7 

lC«fc 0i*MCMg7l« F — T'Stlfc-t-S <h/«t-2>. nflJlfttf 

< F@tt. s i itftiazmitrs > H-yjit****. 

^TLJCiOSJStri^^f). nMSrSTfe*. 7>F- 
^Onffltt^ KItLTfc, *tU7*gttll«ii:a 

[0 2 19] [*JE«5] *J6«HC*St»T. 

«r*«itt. *js#i 1 tmmizVTu— 

[0 2 2 0] (nflBJfctf'f FH 1 0 6 (JSK&fttf-f F 
126) ) Al x Ga,. K N 0 . 1 5 u mT« 

rCDBt. p£ST5IC?tr3TA 1 3flfi£fctx £, 0. 



0St5><=>0. Ol'vtSftStT. fltJ*3Ef|ftJfcaj««» 
StJ-fcnfllfttf-f FB 1 0 6 SrfStf*. C1C0P#. nffltt 
#-f FJBtt. S«0<7>BU»5 0 nmOfl^teS i F-7T 

b&lv* mvommo. ium«ii (m&mmo. 1 

[0 2 2 1] (pi)^-fHI10 9 (12^^-f h' 
12 9)) A ) x Ga [.jNSillf 0. 15(imTi 
COPS, /Sfi-f -SlCft-^TA 1 3flfi£ltx£. 0. 

oi^e.0. o s^t^ts-a-T. Bi/P#fti::*aj&<£& 

pffl'Jft#-f FB 1 0 9 SrlSttS. :CT. pffi'lft 
^Hi«. MWffif 0. 1 (SttBffi'JO. 1m 
mWffi«) «7> F — 7T#j8U 50nm 

[0 2 2 2] mZtlZU— tfSl^te, 1 ICJtRL 

T. A 1 W^^M^^SlSl^^fcWO. EI4 Cl^T £-5 
tc. ^>F**v:/x*;u*-tf«»;*nfc3fc2M FB 

fc. fttf-f FBrtOSttBldifi^ffl'J («ttJi«> tw7> 
F— 7"ffi«ESi8^fcfe«i>. ^FM«b F-^ Lfcctlcfc-S 
^O*5te*«fi<»A.€.nfc*i«B«ljat<c0. HBBSE 

[0 2 2 3] [*»J6] *««5»c4i^T. 04 IC* 

js-r^fiim. ^*s«»j i tmm\zvxu— vm^z'&z. 

[0 2 2 4] (nfflytfl-l FB 1 0 6 (SlWM'fH 
B26) ) Al x Ga 1 . x N*tia5K»2 5AWA 
B. AlyGaj.yN (x>y) A^*5KJI2 5A 
<75BB*3^SIC 3 0[n)iSDiIL*SBLT. 15 
Mm©igte^£-BffiMSi§TnffiiJ}fc;*K H14ffi£t4. 
CtDBt. fiSSTSK^oTA 1 *&Jjfcltx£, 0. 0 5* 
<=>0. 0 3-\<h^-ft£lt, A 1 jaj$tfcy£0. 015T 
-ttL. a««»*-a-fcn«3t^-f HB 1 0 6*ttW- 
-5. dtDt^nffiibttf-f FBtt. g^SJI 5 0 n m© 
AB. BlifcS i F-7"T«E£L. JSOCOM 
HO. 1 wm UZ&mmo. l«m©gi) T. A|© 
^^S i F — BI^7>H-^TMtl>fIH- 

[0 2 2 5] (p«3t*-f FBI 0 9 (*2©3t^-f F 
12 9) ) A 1 X G a j^N* 2 5 A© A 
B. Al y Ga,. y N (x>y) *^/Ji^>)K/l 2 5 A 
OBB*3<!S:iC 3 0lEllil0)iU«BbT, 110. 15 
/imOiffl»^Bil«j6Tp«3t*-f FB 1 0 9S»)S 
-T*. CiT, p#]^6^-fFB«. S?B©KJ?0. 1m 
m (SttBffliJO. l«m©«) «. ABO^^rMgF 
-7 f . BB£7> F-T'TJgfiKb. S0©Kf 50nm 
roSg^ET. AB> BBtfcMg F-T'T^flg-r-S. 

[0 2 2 6] #e.n*l'-!)'*?tt. Hffi«aj4 (CJt«{U 
T. -A 1 <D¥*3*fll5£ttB«l§Ji;*>G50>, a^^^jg-ht 
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«4*clf<T/hS< Lfcfc*. ft<£»£#*£<ftCK 
[0 2 2 7] [HiSS#J7] H8£STH9B#S©1'— * 

[0228] (sis 5oi) nm&i i icffl t^a<b«* 

mfc&fa 1 0 1 £[^£>g*£5 0 1 SfflV**. 
[0 2 2 9] SSflS«¥*#*«5 0 1 <£±IC, 
30iLT, A1 X G a,_ x N (O^x^ 1) a>£ft£ 
$l£Ol531t, » 1 0itSftSa«^A 1 y G a 
,. y N (0<ySL x<y) A^&i*2©15 3 2 

*£stc*n^n3JB-r^«Ji-r*. znn* »«a. 

A / (4n) ({lb. Att3fc<0»*. ntttJfi^Ufi 
ttSBl. 2 Oil*, Al x Ga,. x N (0£x£l) T 

1 Oi/S2 <2@co*t* l»K±»*"r*. A<*WJCtt 
Sl^I/S2^)I$AlGaN/AlGaN, GaN 
/AlGaN, A 1 GaN/ A 1 N, GaN/AlNft 
£T*Ji)n?S*. Al x Ga H N/Al y Ga,. y N 
(0<x, x<y<l) T»6tAlGaNM«T» 
*fcfcj!&IIB3i«ISS£*'J^ < -C#»ilttfi< ^*&T£. 
GaN/ A 1 y Ga,_ y N (0<y<l) T**<hGa 

ffi 2 ©«toMrM**8 < ft 0 KW*^S < ft 0 . 
SttWKtt* y-x^0. 3 fcU #£L<tey - x^ 
0. 5 t-f^C^TRSt^coBl^BKRStK^^fiET 
*«S«1 Al 
y Ga,. y N (0<y^l) ?:MtS^^^<tO t A 
y77ll02tLTMU 

ICR #S gttHO±a)E»IRtt, ±EB^m 

[0 2 3 0] «^T» *««lltH*0*ftT. nffiijn 
>^^7hi 5 3 3, f^ttS 5 3 4> pffl)J«^K&66Jf 

(HSS-frT) • pffl'J3>^i7 hS 5 3 R 
*tt<BW □«*#■«-* S i 0,*6ftft^ay?i5 3 
6*RttT, ^n«ttORP8*5MgH-^GaN 
SrJ&fi^tirT, m2c0pfflij3>^^ 5 3 7 &W*f&-? 
3 0 CC7)P#, p«3>^^ HJB5 3 5, JS2©p«a> 
^^M 5 3 7 H ^r*l36^— *tf»*»J*tfc ! b^T 
fcAt>. ^^)^2^pll3>^^ h/I 5 3 7<D±\Z* S 

i 0 2 /T i O^Sft*«***BBl«*J«bE»l»5 
38i:L, fi9E^Du/d7J1 5 3 60BBPaBO±lcn»« 
KRtt*. -tLT. n ffiij n > ^ ^7 5 3 3**«wr4 

3 3co±IC'J >^tt^ntS5 2 1 , 8S 2 <*> pfflijn 



^hS 5 3 7 (0±»C, 5»I5 3 8<DJH0*Htfpm@ 

5 2o^fn^n«n. ^^^oicux> ti^n^ 

[0 2 3 1 ] [*S6«8] H 

[0 2 3 2] ±«. T»*9* FJBfcLT, Kff 2 5 A 
OA 1 q ! G a o. 9 N£KJP2 5 A<DA 1 0 . 0 5 
Ga 0 g 5 N£*X5ICl 0 Ogf^il^iM 
£JiKfll£ (5 0 OA) iU ^Bpfi'K nffiiJO*^ 
7 HIC^^T F WO h .i: LT^nf tTM g, SI* 

[ 0 2 3 3] ±». T»^FBttT, 7>F-7 
0A 1 o 04 G a o 96 N*0. 

[0 2 3 4] ^ftitlTA 1 0 . 15 ln o. oi G 
a o. 84 N (2 0 OA) mil, mmi 0 0 A(7)# 
FB. A 1 o. 15 1 n o. oi Ga o. 84N (4 5 

A) o»gB«t*«Bbfc«^#F*i6£'r*. 

[ 0 2 3 5] m 1 OCitA 1 gflJtx (x = 0. 0 
3, 0. 0 6, 0. 0 8) (BtfeEFttlC^^Tte^FB* 
A 1 x I n o 04^0. 96-xN^L, HI IO 
I nfifitty (y = 0. 02, 0. 0 3, 0. 0 4, 
0. 0 7) (BteffteKO^TteWFJBSA 1 0. 03 1 
n y Ga 0 . 97 - y N<hL, tn^J^JEITT 

[0 2 3 6] H 1 1 «fc 5 13, BSffiSSt&S J , h 

Ttt, I nfiSJty**0. 0 2f*ifi*>Syrt***<ft* 
K«£oTT*tt»*^U 0. 0 3-0. 0 5<&ffiHtt 
ifiTffi/h<fi*i:0, 0. 0 5^gA2)®«t«, ±#<8 

isi*»-r. Aiaittxic^m biok^ 

~?£o\Z. x^0. 1 OttBHIw^DT* A llSitx^) 
^ia(CJ:0±##Sr^lC$)0> 0<x^0. 6<&«HT# 

[0 2 3 7] 9 ] Stf , 0 1 'J y vSS 

[0 2 3 8] S« 1 0 l±fctt. /V;77i 10 2*^ 
LT, nSSftM8*It*5nS3>^i7 M 1 0 
3. p^yZ&jitm 1 0 4, nSi777 FI105, R 
^nSJJt^^ HS 1 0 6«S$mt^. nfi?5y 
1 0 5**<ttlG>JBtt. »^ 6 ICJ:oTtt*ll , r*c: 
fc*)T**. n / >ft<^^Stt® 

SWncttf£>8T*0» *<Dtzit>\ZA 1 *^trafi£ 
[0 2 3 9] n S^^ttt^^^^ 1 0 3 - 1 0 6 <D±\Z 

\t. fe&m 1 0 7 *t»rtsnT^*. 10711 
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mJtfiOiiO, A 1 x X G a 1 . x2 N#PJI (O^x 1 
<1) £A\ x2 Ga 1 . x2 Nllia (0<x2< 

i, xi<x 2) *«aattia*«:»jeH«wiit)an«ii 

S*afcMQW«ifi€:*UT45D, SttJBOffl«fltt^"f *l 

(ffiL<ttlxi0i7-ixi0i 9cm- 3 ^SS 

[0 2 4 0] ftttBSJItt. 7>F-:/T#«SftT* 
ti:«toTM g#(DpS**Mli* 1X10 16-1X1 

i 9 c m - 3RT^Sgr H-y L W^^fi^ltTt) 

ja^. &tz. %mm&miz* m<ommmtmwz. s \ 

[0 2 4 1 ] «**»gJB<0±i;:tt, pS!£ft;%¥##» 
ill, piffKraa6110 8, pSTi^Hil 
09, p!i777HIl 10, p§ia>3^ FB l 1 1 
3W»J*atlT^a. pS^77H1110$:i<MI 

ttSct 0 fcj£iw1> F** y^Wt^CcbMST* 
0. *<Dtz*t>\ZA 1 £^trffl£T&&;i£##£b^. 

[0 2 4 2] pSMFFHUi&aJi 1 0 8tt. P$^77 
FJI 1 1 0<fc0 fciS^A 1 «»tbS:»^pa!»k«*« 
»*U<ttA 1 X G a X . X N (0. 1< 

x<o. 5) tt*ttric**rr*. Mgswpss* 

»*KI45xion-lxiO 
fc, pStt'PEBCiifeJi 1 0 8tt. 3 0-2 0 0AgS 

<£i®^Tj&s£-entf&<, SKTsntfpi^-fH 

110 9^pS3t^9^ FBI 1 OcfcOfcffi'fflTdcSS 

[0 2 4 3] piifSi:^I10 8H 7> 

F-yT**Si*fc«»l»*Ji^PS^tt***«^*fc 

ttiio7 e»»36^«H-r*t«»c gttn 107^ 

[0 2 4 4] pSttt¥®*I^^»' pMytfl'f F 

II, «if ffi 161, 16 2, p HIS 120, n S«S 
12 1. p/ty 12 2, Rtf n/ty F®}§ 1 2 3 



[0245] *xttflB. &mmi<DmtfLt$&zfmmzf 

a**i««ra*-e***<. ^JE^J 1 <0^m^ (3 7 
Onm) «fc0ffll>«JR«fi (3 6 6 nm) icttfif**: 
TB30>«fc5i;:8ttJi 1 0 7^S^#FScoJi^?:A 
lGaN0 37cttSi:^Tt^o nfl"I£5y 
FBI 0 5, nl7t^H110 6, pfflJJfctf-fFSl 

0 9, pfflij^^y F@ 1 1 0iC-3^TfcTS5C0<fc"5lCffl 

[0 2 4 6] (nffl^^y FB 10 5: TBB^^y FJB 
2 5) 1 0 5 OtClt> gmtfXKTM 

A, TMGS^7> : E-7, UTS'? ># 

X£fflt^, S i*5X10i8/cm3H-yifcAl 
o. os Ga o. 95 NJ:!34SAa*2 5AoR»T 
jBSESS-fr, Mt^T, ^tt*ft#;*«:lk«K 7>F-7<7)A 

1 o. i Ga o. 9 N«toa:*B)B*2 5 A<S>$IJ¥Tf£ 

itAitBi^asu &mm im^mm) 

^ni^77Hil 0 6 CCQP#, 7>F 

-yAlGaNOAlSlltttl/m 0. 0 5 £4± 
0. 3KTOtelT*ntf, t»i:^7y HliUti 

[0 2 4 7] (nftttttf-f FJH 10 6 : TSB^tf'f F® 

2 6) &\Z. RHSOiftflTT* HWtf^KTMA* TMG 
RtfT^-TSffl^ 7> F-yc07> F — :/©A 1 
o. 0 5 Ga o. 95 NJ:0WnSW< FJB 1 0 6 

ft*. 

[0 2 4 8] (fiH4» 1 0 7 (2 7, 1 2 ) ) £IC. n 

SfflK ^>|«^i:l/Ty7>^*fflK Si £5 
xi0i8/cm3F-yi/cAl 0 . is Ga 
o. 85 Ncfc0ft*®gS (^l^I12a) (B) 
£10 0Atf>KJ¥T, TMARl/y7>^X$:±^, 7 
> H-^OG aNcfc9ft*#FS (W) ^lOOA^K 
JPT, li^Btl (^2^II2b) £LT, 7> 
K-^OA 1 o. is Ga o. 8 5^*4 5 A<DKJP 

-c, (B) / (w) / (B) (Dimzmm-r*. isttii 
0 7n (B) / <w) / (b) <Dm\zmm$:mK>& 

L, ^SS^Fffiig (MQW) ttS^tfetf^), 
[0 2 4 9] <pfflJ3fc*M FJB 10 9: ±»3fc:*K FH 
2 9) ^IC, Sg£ 1 0 5 O'ClcLT, * £ T M 

A, TMGW7> : E-7^ffl^, 7>F — ^^Al 
o. o5 Ga o. 95 N<£0te<5 pffitttf-f HI109 
£0. 1 5Mrn<0K»TI5fiftS-a'*. COpffl3t^f< F 
110911 7>K-/'tLTfii4S«^ p^m^ 
B?&£>/§10 8, pSJ7yHSl 10*^RSi^& 
CDMgCDffimiCctO, Mgi8S^5Xl0i6/ cm 3 
<hft9 pgi£^T. SfcC©Httfi)tfiPSJC«BIWJCMg 
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[0 2 5 0] ( pffliJi? 7 y FJI 110: ±gC£ 5 y Ffl 
3 0) &>T, TMASi*. Cp 2 MgSffl^T. 1 
0 5 OtTMg 1 0 . 05 Ga 0. gs^ 0 

fc*JB*2 5A©«J»Tja*S-&. m^X. Cp 2 Mg 
£lts!>. 7> F — "/A 1 o. io Ga o. 90 N<k() * 
5l*2 6A<OlfCS«^t, tntioomiiofi 
bTifcgJBKPO. 4 5 MmCDjgt&^Jij: Oft* p^i7?^ 
FJS 1 1 0£/£fi3-£*. plf 77 FJ8 <tfe 
-?5tfA 1 ^^traftlh^WffJi***. S^K/n*> F 

*^. y :7^*;i^-;4W<t3£<fc^¥«#^£^bJt 
< F-T'LT. V^^SSIiH F-^Srff^ iSSStt*^ 

^. pffiij^7<> fjs i i o zm&Tmmt-rzztiz*. 

FJ§e#WJB#T2p* i 'h2<&9. ^^.IC 

T^-a--5±T^«tcw^T*-6. sec. et&^tufc 

•5. 

[0 2 5 1] **J6^T«. mfilC*3^TL#^fflffii3it 
5 3mA, t«g3. 5kA/cm2. J£i$g3 6 

[0 2 5 2] [HSS0UO] #j«fi«Ttt. gtelSrSA 

[0 2 5 3] (SttN 1 0 7 (2 7. 1 2) ) Si K- 
7"A1 0 . 15 Ga 0 . 8S N. mJ¥2 0 0 A*>e>ft* 
$l«)|$iI2 a, 7>H-7"GaN, KJP 1 0 OAA> 
^ft5#Filb, 7>F-7'A1 0 . 15 Ga 
o. 85 N. MJ¥4 5 Afr<bt£2>m2<Dmg.ffi2 b^I 

[0 2 5 4] t#«bn-5U— ifJR^tt. *Jfi«9lCitttU 
T. mi©»gS*WK{bbfcClilCJ;0, 

0 m A t # <U -5 f6] I Z $> Z> . 

[0255] [mmm 1 1 ] #sns&#JT-te. fe&mzu 

[0 2 5 6] (ftttJf 2 7) S i K-7A 1 0 . i s G 
a o. 85 N. BtJ? lOOAA'^/^Sl O^gS 2 

a. 7>F — 7'G aN. IKJP 1 0 0Afrf>*5#FI 1 

b. 7>F-7A 1 o. 15 Ga 0 . 85 N. Kif 1 5 
0A*»fctta*2©l*ttH2 bfcJiHrfgJf bfcJti-S^ 

[0 2 5 7] fienilz-fffH *JSF'I9 Kttfifcb 

■T*«l*li:»0. HttWJ , h * , i0 0mA4*«< 



tesjigftic&i). ::tii, SB 2 <7>is|gJf i oRsg 
l«fc 0 t>BIJ¥A<*# < . tztzmmw 1 0 0 AtA±T'^fi£ 
3n. p-nte^ttifiT&^p^m^Hii^Jf <£>i^6t* 
T, fgj&ftO*tfcJ§a<#FJga>£SfS2<ai^gJllC<fcD 

[0258] mmmi2] **»«Ttt. m&m£Ki 

[0 2 5 9] (gttB2 7) Si H-7A1 0 . 05 G 
a 0 . 95 N. mm 1 0 0A*^&5Sl«)KIi2 

a. 7>F-7"G a N. 1 0 OAA>e,ft?.#Fi 1 

b. 7>F-7'A 1 o. osGa 0 . 95 N. BSJ91 5 

[0 2 6 0] n^n^u-^m^t. mmm9\zit&L 

T. SIO^SI. |g2W»g®CDA 1 gBlfcS:/h3< 
bT. F^ir y 7l^^^-S']^ < b, #F^t 
w\*> K*+y7x*;^-Sfc/h* < Ifc- <tlc«fc 
0. #F^W** , J7H&#»<m<&£M(6]lcfc9, 
BSfflmfiitJ lh A'2 0 0mAi:^:^<7i-5«(S]C*-5. 
C£T-, #FIif$ti (35 1 <Z>PStgJI> tOAlSI 
itg. X B1 — X w »4. 0. 0 5T&9. CWA11S 

[0 2 6 1] [*ifi«l 3] **MS«T?tt. B6 (b) 
£a*?J:3e. fttf-f FB^«T05<t^lcmfi£«#5-B- 

[0 2 6 2] (nffiiDttf-T FJI 1 0 6 (SB 1 ©Jtt^f-f F 
12 6)) A I s Ga ,. X N <£BgJ? 0 . 1 5wmTi 

eel. j&g-r-sicftoT. -r^t>t.fE&ttsicifi 

^<ICfi£-pT. AlffifStfcxSr. 0. l^e.0. 0 2 ~- 
t^bS-t+T. K»^[S)»=m^«^S-B-itn{|iJ7t^-< F 
110 6SS175. nfljfttf-f FJBtt. «*D© 

1@5 0 nmOmmtS i F-:/T»J*U @ID©&JP 
0. lymOfS^t (S&JIflO. l«m©SSi) T. 7 
> F-^TJ&Erf -5. dCTli. fStt^jfi^ro^^i" F 
HKiJUT, ^10PISI<kOfcA>H^t77x^ 

•5. 

[0 2 6 3] (pi^-fKil 0 9 (S2©3t^H 
®2 9) ) A 1 x Ga ,. x NSIf 0. 15uraT« 
BKb. cm, eKST-SIC^oTA 1 fflJ&J±x£. 0. 
02^60. 1 'st^fkS-B-T. KJl7j[S)CjafiS;ffl#4$ 
•e-, *§ttSlcifit?< irtSoTA 1 SStk*</hS < . A*> 

F^r 5/yx*jU^— b/t pffi'lTt^-f h'ii 0 

9*tt»*. CCT, pfiW^-f Hltt, «ffl^KJ? 
0. 1 Mm (ffittJU&JO. ldmffllM) U7>H-7 
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fi^/ST*. COPt, SttBRtf p{M«^H&#Bifi#0 
p«#;tf< F12 9K*5^T, Sg2£>l$gJf £9 fcA 1 

[0 2 6 4] »5n4l/-ir*flt *tt«9ICJtttL 
T% A10¥^anHHBIilRli;t)00 ( H6 (b) K« 

FB*RW-*;:i:K:«fc0. tt'JTOSttB^ttA 

3fc#^ FBrt<0fittBK:ifii>« (iSttlfl) 
*C7>F-:/«*ft«ttfcfc«K ^Jj56^F-yLfc^l<h 
ICi:a3eoJi**««<»A6n&«J([«S«ljB4:tt0, B9 

[0 2 6 5] mmm i 4] **as«Ttt» a 6 (to 

H^Tcfc^lc, Jifcjtf-r FJBtaTOJ:5»clfla«HI»a* 
T»*T*tttt, *««9tB*l:LTl/-1f* : F*1l 

[0 2 6 6] (nffl«3(;2M FB 1 0 6 (Sl^-fH 
§26) ) A 1 X G a 1 _ x Nd^ftSR92 SA<DA 
Al y Ga,. y N (x>y) ^&45iS2 5A 
<Z)Bil££Sll3 OSISOilLffiJiLT, KJPO. 1 5 
m mO«»^£Btt*itTnfiDfc#< KBt*«T«. 
CKDBK /S^T^IdftoTAJl OA l i&/£itx£* 0. 
05#60. 0 3^£SHfc£-ti\ BJi^A l m/$J±y £ 
0. 0 1 5T-fttb. art«H»a-&fcn«3t*< FJi 

ff 5 0 nmOfitttt, AH* BJichfcS i K-^tM 
U JSDOKBO. UmW«* (^ttHffl'JO. 1/xm 
OfS«c) T» ABO^SrS i F-y, B@^r7>F-y 

■a. &ikm+v>Ki o>mm&q 

RtfA 1 fifitt#/h<*<fcD, SIS l co^lbt) 

[0 2 6 7 ] (p«3t*f-f FB 1 0 9 (»2©«^F 
129) ) A 1 X G a 1 _ x N^e>tt*Rff 2 5 Aco A 
AlyGa^yN (x>y) ^ <=>fc£&J¥ 2 5 A 
®BB*SfSl::3 0lEl*gD>gL*S/ILT. JKiP 0 . 15 
umOtt«^*BK*BTpffl#;*M FBI 0 9£^/S 
■f*. COPS. ^fit^>«oT, Ai^Aia^ltx 
0. 0 3*^0. 0 5^<h^fc£i±> BJlOAlffl 
/&J£y£0. 0 15T-StL. fflfi!t«»a-fr. T&to 
*>ffitt/i> p»jm^BBii*S 1 0 8*6in«i:fioT 
A>H*tyyx^»^#<L, A 1 
**<lfcp«K*-f ::t, p 

«3tt#-f FBtt, S«JOffiiJP0. Um (^ttSffl'JO. 

tt, Ai^MgH-y, BJ1£7> 
F-yT7£j£U jS0OM5 0nmOi*T, Al, 

BBtfeMgK-^T»«T«. £fc. ::th a® 

tBBfC««Wl3«BS*lfc^B«IC*5^T. 



[0 2 6 8] »6tl*U- tfB^tt. *««13IClttt 
IT, A 1 OVJ^fcrtttBtfnCfeOO. 8*f«ii 

01 1 3 ICtt^T/hS < L&fcfc, %<nm$LttXZ < ft 

[0 2 6 9] [JtKMl] HI 4 (a) K^f-fc^K, 

FB4J£ttB<B#FB. WBO^rftctOfe* 
f/ct/^H^t^yx^M-^t. Bl6i:St«k5 

ISttBiO*)*^ HBOA 1 Bfttt**S< 
SKfttf-f KiiDt>^77 FBOA 1 fififcb€:*:*< 

FB* >5y FB*TB0>B 0 frs«tt, mS£#J9£ 

[0 2 7 0] (n«?77Hi [T»?7yHB2 
5] ) S i H-yLfcnSOA 1 o. l 7 G a o. 8 3 
N> BIJ¥2 5AOAB<h, S i K-^LfenBOA 1 
o. 20 Ga o. 75 N > 2 5A(^)Bii:, XEIC 
1 0 OB-T^liOiibaSLT. i»f*BR0^7 7 

[0 2 7 1 ] (nMJtaM FB [TSPfttf-T FB2 
6] ) 7>F-^A1 0> i 7 Ga 0 . 8 N£BIJP 

0 . 15 /imTtttS. 

[0 2 7 2] (pfflfttf^ FB [±SK7t^-r FB2 
9] ) 7>F — :7<DA 1 0 . 17 Ga 0 , 8 N^11 
0. 15 (imt»fit5. 

[0 2 7 3] (pffl^7yFB [±»??yKB3 

01 ) Mg H-^lfcnSOA 1 o. 2 Ga o. 8 N * 
ffi£JP2 5 AoDAB£> Mg F — yLfcnS!!a)A 1 
o. 25 Ga o. 75 N * 5A<DBM£* 

10 0lf-3ft0igL8ILT, i»?*BB©>7 7 
FB*»*T*. 

[0 2 7 4] #6*1* U— tfSi^fcL f©*t'l:?77 
[ 0 2 7 5] [*8E0iJ 15] 015(a) (b) &#B 

it, *»wa>«3t* : P2 o oict?if^TK«-r*. 

Ttt, 2 0 0 bJCSTct-itw, S«OH— ffiflJJC IE ft 

[0276] (cm) ioa*i«2 0 l £ 

MOVPEcDEJCSSrtK-fev FU *3R£8KLfc** 
6, S«Oi&g£ l 0 5 0<C£T±#£i*. **£co^7 "J 

[ 0 2 7 7] A777I (H^ti-r) :«t>T, ®S£ 
5 1 OtT, BSl±«CGaNJ:0a*«BJ5Jc*O/ , «u/ 
7 7B*»10 0Afl)IfT*ftS«. COfM/Sft 
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[0 2 7 8] Ti&Jf (0^i*"f) :Ay77Mfi^ 
ISlOSOtT, 7>H-^GaNl«:l. 5amtf> 

[0 2 7 9] nin>?? H12 0 2 : Ut^X 10 5 0 
tT, Si* 4. 5 X 1 0 i «/cm3 H — yUfcA 1 
o. os Ga o. B5 NJ:0WnB3>^*« (« 

[0 2 8 0] S14J12 0 3 : 7>Y-7A 1 0 . 15 G 
a 0 . 85 Ni0ft*l»M «l^iI2a) *1 

o. 05 Ga o. 95 NJ:Da*#PB*3 0AOllf 
Tj#fi£-tf£>c M^T, J]g/¥3 OA, A 1 o. iG a 

#FJIl*4l (H«*f) l*lgG®MJf *3Ji (0 
^i*:-?) ts *X5lC*gJiLT, iSi:S2^II2 
bill, ffiiJ¥4 0 A CO A 1 15 Ga 0< 8 5 N * 
«S$t, JgJK/?3 8 0 AcD^MftT#F«3g<fc9fc£ 
SttH2 0 3 £j£fi£l**o ^OfittJBTtt. HI 4 

(b) \Z7jkT£?\Z. Sl^I12a3^^2<7)@i 
I2bck0^, A l«»Jt*«/ha<, A>H^^^^X 
*;i,*-#/h£i>rtaWBB (2bft£) *fl2/&L£« 

[0 2 8 1] pfi^77KI2 0 4 :7>H-^A1 
o. 2 G a 0t 8 N<fc0«H*AJI 2 0 4 *4 0A<7)KJ» 
T*/£fi£-t!\ «^TMg*5Xl 01Vcb3H-^L 
fcA 1 o, 05 Ga 0i 95 N«tt)ttaBJi205ft2 
5 AORJPT?f£4Stt:*. *lTCn6©ftfPSII0S 
U AS, BgOHIT£5lC5Srt?*B/IU *ft|-A 
JI*4 OAOBtJPTaftS^fca^WJBO^BKAD 
&-5pffl*iI^7y FJ12 0 4 * 3 6 5AoR»T« 

> F**y :/x*;P=F--««/h;£ < , A l fiflJttfVhS^ 

JB2<BS<fc4fe¥W#Ji£ft*. 
[0 2 8 2] pfflijn>^^ hS 2 0 5 : «ivr, M g * 
1X10 2 o/cm3 K-^LfcGaN«fc0tt*p3a3> 

^7^hI2 0 5 ^ 2 0 0 Ac^KJlT^cS^-tt^o 
[0 2 8 3] EJ6I*7». SS*£&£TTtf* ^blC 
^i-A*SMSrti:*5^T, 7 00 

[0 2 8 4] 7X— U>^«, »>x— A*S*S»*^ 
fXOitlL, S±/f <£> P$]=» 2 0 5 C0^®lzm 

£<DJ£#CD-^X£*^ricU RIE (EJStt-f *>X-;/ 



^>£0 8B"Cp«3>^^ HJB2 0 5«36»6Xy9 L > 
4fftfTt>. HI 5 (a) »csr*5lcn«3>^^ 
2 0 2 ^S®*SttS$it^>. 

[0 2 8 5] I7f>m »±JBl:i»*p«:3>** 
M2 0 5 0««^ffiJcMJP 2 0 0 AON itAuS^ 
tST&yt&?>pnm2 0 6 <h> f0pig2O6WJ:t:# 
>x-f >iOB©AuJ:Dtt*p/Xv F«« <■**"•") 
*0. S/imOKiTMrS. I^>^«fc 
0®ttiaitfcnfflija>^^ H2 0 2©affilCttWtA 
l *^frn®@2 0 7 WfiElTLEDiftLfc. 

[0 2 8 6] :©LED^}iiSg3 5 5 nm^^ 

[0 2 8 7] 

[R9K&8&*] *«i«<0*{t*¥W#*^B; % 3 8 On 

WKft«iff*fS*c:iJ&iT**. InAlGaN 
<B#FJHK:*H>T* I nfiBit** 0. 0 2-0. 0 
5, #£L<te0. 0 3-0. 0 5<£*@H£L. Alfi 

[0 2 8 8] Sfc. ^RWOSftfc^W**^*. 
HfflmflK-r 3 7 5 nm£tTt^5JiiftfiOJRS>t* : f » l" 

[0 i ] u-lf •* S 

Kirr**j£«a8BT»*. 

[02] B2 (a) 

O*JB«Jft*IBWr*«SCWlBBT»0. 02 (b) » 

[0 3] Hi 3 (a) tt*Ri«OT*lfc»$»K«**f 
fcMMiRWTSKIflBTftD, El 3 (b) tt 
KWJIttie<OX*;W=P-A*> K*KWt5*aHT* 
5. 

[(14] *JWo-*iWi:«ftx*A*-;t> F 

[El 5 ] *MHM»k:«*x*;u4 c -/ , c> F 

*Kwr*«scB-c«*. 

[06] 06 (a) *lfi*tt^f**X* 
;|/^— A>K*KWr-5**BT*0, 06 (b) -0 
6 (d) ttftW«S!<0W» (F-A>F) coF-^« 

[0 7 ] *»W(0-*J6JBJBIw«SSttJBoaJi«jfi 
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[09] B9 (a) tt*»M^«sett««l45^* I 
09 (b) tt 1 nftfilclttHfl[«««*iOH«*R« 

^iftB^-r^>s^0-efe^o 

[0 12] Ell 2 (a) tt*5SW^— HSE»a8«-«* 

*^oig^«ii^iftB^-r^«s:»fffi0T$>o. 012 

(b) ttK«l«JBK:S9KUT/W7^ttMHOyX>H* 
[0 13] B13 (a) &<fctf0 13 (b) \Z, «£* 

[014] 014 (a) *5cktf014 (b) tt. 

[01] 



[0 15] 015 (a) tt*5gi!8©— 

(b) \t&m<DA ia*tt«BW!r»«iaHT*«. 

[016] «t*tt*lc45»a U-lf *^0>*JB*liSfc 
Mlfe&I^A 1 aj«JttKWr«8ISCBIT*4. 

1 • • • 2 • • • MM. lP-'UlM 
Sfl. 12 • • • mi±m. 1 3 • • • S2i»ttSl, 2 
5 • • • T»*7 7 K» 2 6* * *S1 Hi, 

2 8 - • - **»J7Hi&»Ji. 2 9 • • -fg2 

KB. 3 0 • • • ±M9?v FJB, 1 0 1 • • • SC. 
1 0 2 - • 'M777i> 10 3- • • nffiijn h 
JB, 104 ■ t77y#83±1B+ 105 • nft]£ 
yy 106"« n«tt*f< HH. 10 7, 2 7 

• • • ii&m> 1 0 8 • • • pffiijm^B&a6Jf * 1 0 9 



• - • pflJ5t#*f KB, 1 1 0 
1 1 1 • • • p$J3>^ h@, 
121 • nlffi, 122 • 
3 • • ■ nrty FttS. 1 6 2 
&B) , 1 6 4 • • • ttBBl 

[02] 



• • pffi'J^ ^ y KB. 
1 2 0 • - • pt®, 

• p/ty F««. 1 2 

• -S2^n (a 
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